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^pnvi PM^NIYI ALANINE DERIVATIVES 



20 



Vascular cell adhesion molecule-l (VCAM-D. a member of the 

to VOAM-1 or VLA-4 can block the adhesion of these tnononudear 
n^s, as weU as .nelanoma cells, to activated endotheUum m 
^^U, either pr»tein have been effective at i=hihitmg le^^ 
infiltration and preventing tissue damage in severa^ .--al mod^ o^ 
i„flanm^tion. Anti-VLA^ monoclonal antibodies have been J 
M enngration in adjuvant-induced arthritis, prevent eosmoph.1 "-^'^^ 
^d3choconstriction in models of asthma, and reduce paralys^ and mh>b« 
monocyte and lymphocyte infiltration in e:,»rimental automunune 
lep^tis Anti-VCAM-l monoclonal ^ " 

prolong the survival time of cardiac allografts. Becent ^^-^^'^ 
rl^ated that «.ti.VLA-4 mAhs can prevent insuh^ f^^'^"' 
non-obese diabetic mice, and significantly attenuate nrflammation m the 
cotton-top tamarin model of colitis. 

Thus, compounds which inhibit the interaction between cu^ntaining 
integrins. such as VIA-4 and VCAM-1, will be nsefi^ as therapev^c ag^Ufor 
: ICtmentotchronic inflammatory diseases such as rhenm^^^*- 
(KA), multiple sclerosis (MS), pulmonary inflammation (e.g., asthma). «.d 
inflaromatory bowel disease (IBD). 
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^ present taventioo «..tes to new co.po^ ^ 




X. Z and Y are as defined tolow whieh fer the 

.;^«.as for prepar^ such ».^u^.-^^^^^ 

production of such medicaments and the use « ,„dl binding 

Latment of illnesses, especiaUy mltamnatory d^eases m 
acta to bring on the disease. 

AS used in specification, the term "low« 

^tion, means a ^^^^^^^'^^^Xi^- 
ama^dmum of si. carbon atoms, such ^ylj^^l^P 

butyl, secbutyl, isobutyl, <««^f^^," elected independently 

aU^l groups may ^ -^^^ ZZ^^^^^l "y-"' 
; from oydosftyl, nitro. aryloxy, aryl, hydf^y ■ ^ ,^yi, and 

lower dkanoyl, lower alkylthio, lower attyl sd£^. 

su^tuted amino. e.g., lower ^^^f ^ty^^omethyl, and 2- 
lower alkyl groups include 2-hydroxyleth,l. S^butyl. cy 

nitropropyl 

„ Theterm-cyaoalM"--™.^^;^::^^^^^^^ 
membered carbocydic ring. Subsftutents -^f?";^ ^oy,, 

aryl. heteroaryl and substituted anuno. 

^ Theterm-^eterocyc.oal^rn«^a"'^--^:rr^^^^^ 
6-memhered carbacydic ring in which one or ^orfU>ec«: ^ 

replaced by heteroatoms independentty sel«ted fr^ O S an 
hLocydoalkyl groups are pyrrolidinyl and morphohnyl. 
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The term 'lower alkoxy" means -J^^^ ^^^^ ,,eh as meiho^. 
^Ky group containing a -^^^ .^,,^0^ and the like. 
otH«xv n-propoxy. isopropoxy, n-butoxy. ter. 

ethoxy.np P ,«p.alkvl group bonded through a 

The term -lower amyltMo- mear^ a^-^^^^^ 
, divalent sulfur atom, for example, a meti^ylxn 

o. or bicylic aromatic group, such as phenyl 
The term "aryl" means a mono- or eonventional substituent 

or naphthyl. which is ^-^f^^^TZT^^r"^^^^ . 
groups. Preferred subsituents are ower aftyl. ^^^^^ alkylsulfinyl. 

lower alkylsulfonyl. cyano. mtro pe^ ^^^^^ alkanoylammo- 

heteroaryl (especially tetrazolyl). lower this invention 

Lmples of aryl groups that may ^Wm^^^^^^^^ 

are unsubstituted P^^f 1' ^' "^^X's-n^^^^^ 2.6- 
,5 chlorophenyl.m-methylthxophenyl.2-me^y 

dichlorophenyl.xn-perauorophenyl.l-naphthylan ^ ^^^^^^^ ^^^^^^ 

The term "arylalkyr means a^w^J^yl^^^^ 

in which one or more hydrogen -'^^^^J,,^^, be used in 
group as herein defined, ^-j::;^;!^;. P^^-yl ethyl, and ^e 1^^^ 
,0 accordancewi^^-ent.on,such , 

The term 'l.eteroaryl" means - -^^^^Xor lO-membered bicydic 
^embered monocyclic hetereoaromatxc nng « ^^^^^^^^^ ^ 
hetereoaromaticringcontaamng l, A ^^^^^ ^ pyridine. 

independently N. S or O. ^^P'^,! ^^"^^i^uinoline. quinzoline. 
2s ben^dazole. indole, imidazole, for "aryl" are included 

^:trazole.andthelike.Substitut^^-d^^^^^^^^ 

in the definition of heteroa^L ^ ^^^^^xamples 56. 57. 74. 364 and 
accordance with the invention IS illustratea y 

381-386. 1 OTOUP bonded via 

bonded via an oxygen atom, for example an 



30 
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The «m I'"- f r^SC^^"^*^^ "tJL 

one or »»« groups elected ftom ^^^^^j ^ „r lower 

jk^bonylannno. , .neens lo»er alkyl««*»y' «^ 

T.eter..<«-e^»*^--tr;:^o. 
^ndeaviaanitrogenato.,suc ^^^^^ 

TheUr.W;--^--t^,^npsare.en.yi.3- 
„ bondedvia.c^bon^^up^i^P^ 

^o.en....^^'^^-- 

In the first aspect, the presem m 




. o.xandKiehydrosen.haU^."!-"'*^''"''*' 

. wherein one of X. ana a 

other is a group of the formula 

Rl5 



16 O 



X-6 



wherein: 

Bl is hydrogen or lower aUqrl, 



B^ishydrogenorlowera^.. ^^,^.r 
B.,ni8hyclrogen.halogen.nitro,lower / ^ ^osulfonyl, 

» .wer"rJ-ra,--=:^t^rer*y.a.>-'Xl'^ 
perfluorolower alkyl. lower •>^*'^^^ ^ylsoKonyl l«.er 

25 formula Ri7-C«C'» 
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El6 



is H. halogen, nitrccyano. lower 
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alkyl.OH,perfluoroloweralkyl.or 



lower alkylthio. ^vl which is unsubstituted or 

, or lower alKyiwiuw* 



^t„«dbyOH..ryl,«he«ro^l.-<' 



a is 0 or 1; 
or one 



ofX and X is a group of the formula: 



aheteroatoms selected fromN.O.andS. 



10 



B„i. hydrogen .Hcmer alky., or 



15 or one oi 



f^20 Rib X-10 

vrherein 



20 



Bl3 is hydrogen. »»>>«*°f"T 
Keuroaryl.aryl.lkyl.be.^o.^*'. 

.,.:^;:Lrr.,car.-...ro.or.ryw. 
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a^dY is a group of the formula: 

^2^24 Y-1 

5 , ^oteroaryl or lower alkyl which is 

or lower alkyl, R24 IS H. ana xu 

R24 is from 6 to 14; or 

1- ^ TMnff of the formula: 
Y is a 3-7 membered rmg oi w 



R25 




Y-2 

^5 whereiii 



.poup of formula u^.o'. 1<>"" 

UBjjRjS, wherein: 

^Horl<«.eraU^l. „ ^.^yl. optionaUy substituUd 

« heterocydoaS^l-rt«^'j^«J^„„i**emtrogena«» 
jsibonyLor Ejs end Kss 
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QU-(CIW,0.. KCIWrS-. -(CH^.orwhenW). ab<»«i. 

iv««nvl arovl or lower alkoxycarbonyl, 
R27 is H, lower alkyl. aryl. lower alkanoyl. aroyi 

V. . , in the ring are unsubstituted or substituted by lower 
5 the carbon atoms in the rmg are uxx 

alkyl or halogen, 

e is an integer from 0 to 4, 

f is an integer from 0 to 3, 

the dotted ..e „eans abond»hiehn«ybe aWtorpre.e«.; 

10 Z is hydrogen or lower alkyl; 

and the fj^utically accep^ble »lts .nd eaters ther^t- 

^ a compound 1 ^-^Z^^^^' 

V ft v 7 or X-10. When Z is lower aiisyi, 
then X is a group X-6, X-7 or a xu. 

Z is preferably hydrogen. ^ 

K,. »e preferahly independently hydrogen ^ 

nit«, halogen (especlaUy cWloro or J^^'^ ^„ I h. R. is 

triflouromethyl). cyano or phonoiy or « pheno==y an 

preferably hydrogeh and a is preferably 0. 

The especially preftrred groups X-6 are of the fonnuhu 



20 

?H3 




•NO2 







NO2 




and 
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^.cr, a;-or . 

«n, • V 7 Metis a bicyclicheteroaromatic ring it preferably contains 
5 When in X-7 Het is a bicycuc ^referred the bicycUc 

from 1 to 3 nitrogens as the heteroatoms. More preferred 

heteroaromaticringis ^^^JL^^f^ 
4-q,aiiiolinyl, or ^ 

More preferred E>a U isopropyl, methyl or phenyl. 

K.. IS preferably hydro., helo^en, nitre, cyano^-r ^ or perfluore 

lowerXlTin Particular R„ is methyl or 

B«,inX.7ispreferablyhydrogenorloweraD^l.espa=«-l7-*y>- 
Most preferred thegroupX-Tisseleetedftom the group eons-strngef 



15 
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X„.^„pof X-lOR^Uprefi^ably phenyl whereto the phe^lnng 



IS 



UL.*^ halogen, « is phenyl lower ^ajkyl ^nth 



. K«.pre.r.hlylo-eral^.wMch.nn^-^J»^^ 
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5 R04 is preferably lower alkyl except When R22xsary 
Xl. then R24 is preferably hydrogen. 



10 



15 



More preferred Y-1 groups are 



and 




„hen f=0, a bond. Preferably Q lA ^J^fCp^,^ 3-buten-l,l. 
Ibsent. B« is preferably lower alk,^ '"T '^<,^2-propen-lyl. or a 
fluorosubstituud C 0 « 4 Preferably K» 

^oup of fcrm-ta '^'■'^^ ""f ; " " "^^.y, lower elko:.yc«b<myl. 

heteroaryl. wide, cyano, hydro,^. '""^ .^""^^ ^ «dgnyl. 
ro:^ Lllcanoyl. lower '-^'^^^^'^^^ lower alM. B» 



10 
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contain one oxygen atom. 

p i.H Preferably R26 is CH3S(0)2-.CH3S-.CH3SO-CH30-, 
Preferably Rzs is tl. freieraoiy „-oforablv ohenyl 

CH.CO., NC. Na-. „ HO- and when « "Tl; l^feX chlL, lower 
^ubatitaUd or nu>no.s«brtituted by '^"^'-J^^^^'^tL^ which 
preferably n«tho^. lower IM, ^'^^'^'^I^^'i'^^^u^by 
unsubetituted or substituted by methyl '^^^^^^^i. 
lower alkow. preferably method, most preferred 3.«m« :=yp 

Preferably the alkyl group in the lower r:;"!^^,. ,^er 

substituted or ^tituted by lower alW, °'>^;^''^^^3 the 
carbonyl, amino or lower alkoxycarbonyl »™-°;^°'^*^cH3),CC0-, 
^Lituted or substituted ^"^^0^0 .'(^^COfCH^ 

CH,(CiW.CHC.hCO.. CHaOCIfcCO-. CF3CO- C^'^H^^^ 
CO- cyclopentylCIW:0-,IMIC&COor(CH3)300CONH(Cm» 

to ifas the aminocarbonyl group is preferably "-"^^J^ " „ 
substituted by lower alko^ carbonyl, ben.,1 P"'^*^^ 

_ey* aryl. ^ "^<^^-0^^ 

aminocarbonyl group xs H2NUO-, »^ja3i>n^ 
C6H4N02NHCO-orC6H6CH2NHCO-. 

T other nreferred embodiments R.9 is (CH3)3COCO-. methylammothio- 
earbonyX^^-ylcarb^^^^^ S-trinonrmetbyl pben«. 

^ 



15 



20 



CFH^ 6 O ^ or * 1 

.KK^.i.-NH.o;.N(CH,,..ndk««.B»«-'o.e«>eri.4.morp^W 



25 





L_JCH3 






CH3S s.^^ 
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The compounds of the invention 
3^..^:r^s «>e^f. certain prefer. este« of the ^^"'^'^^^^ 
5 discovered which are useful to improve 

invention. These preferred esters are of the formula: 



include the pharmaceutically acceptable 
id esters of the invention were 
bioavailabilty of compounds of this 
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Ao° 2 
wherein X, Z and Y are as described above, and R31 is lower alkyl, or 
Rslis a group of formula P-1: 

.R33 

-(CH:D.-g-(CH^-K^ p.l 

5 wherein: 

R32 is hydrogen or lower alkyl, 

R33 is hyrdrogen, lower alkyl, aryl, 

R34 is hydrogen or lower alkyl, 

h is an integer from 0 to 2, 

10 g is an integer from 0 to 2, 

the sum of h and g is 1 to 3; or 

Rai is a group of formula P-2: 

-(CH2)-g-(CH2)fl-r^^T 
wherein: 

15 R32, g, and h are as previously defined, 

T is O, S. -(CH.V. a bond (when j=0) or a group of the formula N-R35. 
R35 is hydrogen, lower alkyl, lower alkanoyl. lower alkoxycarbonyl. and 

jisO, lor2. 

R31 is preferably ethyl or 2-(4.mDrpholinyl)ethyl. 
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The compounds of the invention can exist as stereoisomers and 
diastereomers. aU of which are encompassed within the scope of the present 
invention. 

Preferred compounds of the invention are selected from the group consisting 
5 of: 

4-[[(2,6-dichlorophenyl)carbonyllaniinol-N-Ill-I(4-methoxyphenyl) 
methyUcydopentyllcarbonyll-L-phenylalanine, 

N-[ll-[(4-methoxyphenyl)methyllcyclopentyllcarbonyll-4-[l(2-nitrophfinyl) 

carbonyllamino]-L-phenylalanine, 
10 N-[[l-[(4-methoxyphenyl)methyllpyclopentyllcarbonyll-4-[[(2-methyl-5- 
nitrophenyl)carbonyllamino]-L-phenylalanine, 

N.[(l.K4-methoxyphenyl)methyllcyclopentyl]carbonyll-4-[(4- 
quinolinyIcarbonyl)amino]-L-phenylalanine, 

N-lIl-(phenylmethyl)cyclopentyl]carbonyll-4-U4-quinolinylcarbonyl)amino)- 

15 L-phenylalanine, 

4.[I(2,6-dichlorophenyl)carbonyllamino]-N-I[l-(phenyhnethyl) 

cydopentyllcarbonyll-L-phenylalanine, 

4-[K2-nitrophenyl)carbonyllaminol-N-[[l-(phenylniethyl)cyclopentyll 

carbonyl]-Li-phenylalanine, 
20 4-l[(2-methyl.5.nitrophenyl)carbonyllaminol-N-l[l-(phenyhnethyI) 

cydopentyllcarbonyll-L-phenylalanine, 

4-I[(2,6-dichlorophenyl)carbonyllaminol-N-[[l-l2-l[N-(l.l-dimethylethyl) 
carbonyUaminolethyllcydopentyllcarbonyll-L-phenylalanine, 

4.l[(2,6.dichlorophenyl)carbonyllanuno]-N-[ll-l2-[(trifluoroaceiyl) 
25 aminolethyllcydopentyllcarbonyll-L-phenylalanine, 

4.l[(2,6-dichlorophenyl)carbonyllaminol-N-[[l-l2-[(2-amino-l- 
oxoethyDaminolethyllyclopentyllcarbonyll-L-phenylalanine, 

4-[[(2,6-dicmorophenyl)carbonyl]aminol-N-[[l-l2-[[2-lt(l,l-dimethylethoxy) 
carbonyllamino]-l-oxoethyllamino]ethyllcyclopentyl]carbonyll-L- 

30 phenylalanine, 

4-[l(2.6-dichlorophenyl)carbonyl]aminol-N-[[2-[l(methoxy)carbonyl] 

aminolethyllcydopentyUcarbonyll-L-phenylalanine, 
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4.[[(2,6-didaon>phenyl)carbonyllaiiuno]-N-[[l-[2-[(inetliylsulfoiiyl) 
aminolethyllcydopentylJcarbonyll-L-phenylalanme, 

4.[l(2,6-dicmorophenyl)carbonyllaininol-N-[ll-[2-[(acetylXmethyl) 
aminolethyUcyclopentyllcarbonyU-L-plieiiylalanine, 

5 4.(I(2,6-dichlorophenyl)carbonyllainino]-N-ni-I2-[l (methylaminokarbonyll 
(methyDaminolethyllcyclopentyllcarbonyll-L-phenylalanine, 

4.I[(2.6-dicmorophenyl)carbonyl]amino]-N-I[l-t2-I(inethoxycarbonyl)- 
(meaiyl)ainino]ethyllcyclopentyl]carbonyl]-L-phenylalanine, 

4-[I(2,6-<iichlorophenyl)carbonyllaiiiinol.N-[ll-(2-me11ioxyethyl)c^^^ 

10 carbonyll-L-phen yl a l an i ne, 

4.l[(2.6-dicmorophenyl)carbonyl]aniino]-N-[[l4(24(methylsulfonyl)ethyU 

cydopentyllcarbonyll-L-phenylalanine, 

4.l[(2,6-dichlorophenyl)carbonyl]ainino]-N-lll-l(2-(methylsulfinyl)ethyU 

cydopentyllcarbonyll-L-phenylalanine, 
15 4.[(2,6-IMmethyl-4-trifluoromethyl-3-pyridinyl)carbonyl]ammo]-N.l[l-[4- 
(methylsulfonyl)butyllcyclopentyl]carbonyl]-L-phenylalamne, 

4-[l(2,4-dimethylpyridin-3-yl)carbonyllaminol-N-lll-l4-(methylsulfonyl) 
butyllcyclopentyllcarbonyl]-L-phenylalanme,or 

4-[l(2,6-dicMorophenyl)carbonyl]ainino].N-[ll-(4-methoxyphenylinethyl) 

20 cydohexyllcarbonyll-L-phenylalanine. 

Other preferred compounds having the formula selected from the group 
consisting of 
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The compounds of the invention inhibit the binding of VCAM-1 and 
fibronectin to VLA-4 on circulating lymphocytes, eosinophils, basophils, and 
monocytes («VLA-4-expressing cells"). The binding of VCAM-1 and fibronectin 
to VLA-4 on such ceUs is known to be impUcated in certain disease states, such 
5 as rheumatoid arthritis, multiple sclerosis, inflammatory bowel disease, and 
particularly in the binding of eosinophUs to pulmonary endothelium which is 
the cause of the puhnonary inflammation which occurs in asthma. Thus, the 
compounds of the present invention would be useful for the treatment of 
asthma. 

10 In another aspect, on the basis of their capability of inhibiting binding of 

VCAM-1 and fibronectin to VLA-4 on circulating lymphocytes, eosinophils, 
basophils, and monocytes, the compounds of the mvention can be used as 
medicament for the treatment of disorders which are known to be associated 
with such binding. Examples of such disorders are rheunmtoid arthritis, 

15 multiple sclerosis, asthma, and inflammatory bowel disease. The compounds 
of the invention are preferably used in the treatment of diseases which involve 
puhnonary inflammation, such as asthma. The pulmonary mflammation 
which occurs in asthma is related to eosinophil infiltration into the lungs 
wherein the eosinophils bind to endothelium which has been activated by 

20 some asthma-tr^;gering event or substance. 

Furthermore, compounds of the invention also inhibit the binding of 
VCAM-1 and MadCAM to the ceUular receptor alpha4-beta7, also known as 
LPAM. which is expressed on lymphocytes, eosinophiles and T-ceUs. While the 
precise role of alpha4-beta7 interaction with various ligands in inflammatory 

25 conditions such as asthma is not completely understood, compounds of the 
invention which inhibit both alpha4.betal and alpha4-beta7 receptor binding 
are particularly effective in animal models of asthma. Furthermore work with 
monoclonal antibodies to alpha4-beta7 indicate that compounds which inhibit 
alpha4-beta7 binding to MadCAM or VCAM are useful for the treatment of 

30 inflammatory bowel disease. They would also be useful in the treatment of 
otiier diseases in which such binding is impUcated as a cause of disease 
damage or symptoms. 

The compounds of the invention can be administered oraUy, rectally. or 
parentaUy. e.g., intravenously, intramuscularly, subcutaneously, intratiiecally 
35 or transdermally, or sublinguaUy, or as optiialmalogical preparations, or as an 
aerosol for the treatment of pulmonaiy inflammation. Capsules, tablets, 
suspensions or solutions for oral administration, suppositories, iiyection 
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solutions, eye dxop.. saW-s or «.ray solutions .re examples of «inuuistration 
forms. 

Z^rl^i iethod of treating a l«st a ^ 

or fibrone<tin binding to VIA-4^:,n»s«ngcens«.»us^^ 

i„th» disease sjmptonB or damage by adnunistering an amount of a 
in the disease symjraMu. ^.'^ -nKif vr AM-1 or fibronectin bmdjng 
„„„qKmnd of the invention sufBcent to mtabit VCAM 1 or M 
to VlA-4^ressing cells so that said symptoms or said damage is reducM 
of about 0.1-100 mg&g body weight per day are pi^. 

of 1-10 mgfl« body weight per day being espeically preferred. 

The invention further relates to pharmaceutical compositions « 
medicamenu which contain a pharmaceuticany 'S"*'™ "^"f^^ 
:nipom.d of the invention and a P^-f^^tX^r'^ltional 

^II-^^rSLtionLntoge^r..^— -^^^ 
material. If desired, one or more additional therapeutically 
may be added. 

^ Tablets or granulates can contain a -es of binders^^- ™ or 

<muents.I.quidconipositionscanbe,fore.aniple^^^^^^ 
water-miscible solution. Capsules can contam a filler ^^^^^^^^'^^ ^ 
to the active ingredient. Furthermore, flavour-improvmg additives as weu as 
ItZts usu^y used as preserving, stabilizmg. ^^^^^^^^^^ 

30 emulsifying agents as weU as salts for varymg the osmotic pressure, buffe 
and other additives can also be present. 

The previously mentioned carrier materials and diluents can '^ow^ 
any c^:entionalpLrmaceuticany acceptable organic orm^^ 
e.g , water, gelatine, lactose, starch, magnesium stearate. tele, gum axabic. 
35 polyalkylene glycols and the like. 
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Oral unit dosage forms, such as tablets and capsules, preferably contain 
from 25 mg to 1000 mg of a compound of the invention. 

The compounds of the present invention may be prepared by any 
conventional means. 
5 In general the process for the preparation of a compound of formula 1 




wherein X, X*, Z and Y are as defined in claim 1, 

is characterized id that in a compound of formula lb 




lb 

10 wherein X, X', Z and Y are as defined and R is a protecting group or a soUd 
support, 

the protecting group or the soUd support is cleaved of and, if desired, 
converting a compound of formula 1 into a pharmaceutically acceptable salt. 

The protecting group may be an alkyl group, e.g. methyl, ethyl or tertbutyl, 
15 and the soUd support may be a resign used in soUd phase synthesis, e.g. a 
Wang resign. The cleavage conditions depend on the substitution pattern of 
the final compound and the protecting group used are outlined in detail below 
in connection with the synthesis pathways for preparing compounds of 
formula 1 as well as their salts and esters thereof 
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In reaction Scheme 1. a compound of formula 1 in which Ri is H or lower 
alkyl. and which is a known compound or can be prepared by standard 
m^odology. is treated with a reducing agent capable of selectively reducmg a 
nitro group in the presence of a benzylic alcohol. This procedure is 
i advantageously carried out in the presence ofaderivatizing agent of the 

formula R2-OCOX whe«in X is a leaving group and E2 is tert-alkyl, benzyl or 
the like so as to form a readily deavable protecting group, thus leadmg 
directiy to a compound of formula 2. For example, this procedure can be 
conveniently carried out by catalytic hydrogenation of 1 over Pd(C) m ethyl 
0 acetate in the presence of di-tert-butyl dicarbonate to give a derivative of 2 m 
which R2 is tert-butyl. 

Conversion to an aldehyde of formula 3 can be carried out using an one of 
a variety of oxidizing agents capable of oxidizing a benzylic alcohol to the 
corresponding aldehyde, for example activated manganese dioxide m a 
L5 suitable solvent, for example dichloromethane. Reaction of 3 to pve a 

dehydroamino acid of formula 6 can be effected by treatanent with a Witiig 
reagent of formula 4 in which R3 is lower alkyl and R4 is an alkoxy group, for 
example benzyloxy- or teri^butoxy- or represents a portion of one of the acyl 
groups of the compounds of the invention, for example substitiited lower alkyl 
20 or substituted cycloalkyl. For example treatanent of 3 witii(±)-N. 

(benzyloxycarbonyl)-a-phosphonoglycine tarimetiiyl ester in tiie presence of a 
suitable base for example tetramethyl guanidine leads directly to a 
dehydroamino add of formula 5, R3 = methyl and R4 = benzyloxy. 
Enantioseledive reduction of 5 to the L-amino acid 6 can be effected by use of 
25 a number ofredudng agents suitable for the purpose, for example the 

recentiy described ethyl-DuPHOS rhodium reagent (Burk, M. J., Feaster. J. 
E.; Nugent. W. A.; Harlow, R. L. J. Am. Chem. Sac. 1993. 115, 10125) usmg 
essentially the literature procedure. 
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One process for the conversion of compounds of structure 6 into 
compounds of the invention is shown in Reaction Scheme 2. The protecting 
group incorporating R2 can be removed under conditions dependent on the 
particular choice of R2 as weU as R3 and R4. The choice of these groups wiU be 
dependent on the particular target compound. A variety of common protecting 
groups and their use are described in "T. W. Green and P. G. M. Wuts, 
Protective Groups in Organic Synthesis, 2nd edition, WUey Interscience, New 
York, 1991" For example when R2 is a tert-butyl group and R3 is lower alkyl 
and R4 is either a benzyloxy group or represents a portion of one of the acyl 
groups of the compounds of the invention, for example substituted lower alkyl 
or substituted cydoalkyl, treatment with tadfluoroacetic add either neat or in 
dichloromethane solution in the presence of suitable scavengers, for example, 
triethylsilane or anisol leads to a compound of formula 7. This compound can 
15 be coupled with a carboxyUc acid of formula 8 using standard peptide coupUng 
conditions, for example HBTU in the presence of DIPEA in a polar, aprotic 
solvent such as DMF at a temperature between 0 'C and room temperature to 
give a compound of formula 9. In the carboxylic add of formula 8, R5 may 
represent a substituted alkyl group, a substituted aromatic rii^, or a 
20 substituted heteroaromatic ring. R5 may also incorporate suitably protected 
reactive functionalities to permit final conversion into compounds of the 
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invention. The choice and use of such groups will be apparent to those skilled 
in the art. 



Reaction Scheme 2 




5 Depending on the choice of R4 and whether an ester or acid is the final 

goal of the synthesis, compound 9 may be a compound of the invention or in 
the case that R4 is a protecting group, for example, a benzyloxy group, it may 
be removed under appropriate conditions, for example by catalytic 
hydrogenation over Pd(C) in a suitable solvent such as a lower alcohol to give 

10 a compound of formula 10. This intermediate can be coupled with a carbo^Uc 
acid of formula 11 using standard peptide couplii^ conditions, for example 
HBTU in the presence of DIPEA in a polar, aprotic solvent such as DMF at a 
temperatxire between 0 "C and room temperature to give a compoimd of 
formula 12. In the carbo^lic acid of formula 11, Re may represent a portion of 



10 



15 



20 



PCT/EP98/05144 

WO 99/10313 _ ^ 

- oo - 

a compound of the invention, for example, a substituted alkyl or substituted 
cycloalkyl. These compounds are known compounds or can be prepared by 
kaown methods. Re may also incorporate suitably protected reactive 
functionaUties to permit final conversion into compounds of the invention. The 
choice and use of such groups will be apparent to those skilled m the a^. 
General methods for the preparation of such compounds are illustarated m 
Reaction Scheme 13. If the acid 13 is the target compound, conversion of a 
compound of formula 12 can be effected using standard hydrolysis con^ti^ 
Appropriate for tixe particular choice of R3 and any functional groups present 
as part of R5 and Re- In the case where R3 is lower alkyl. ti-eatanent wxth an 
alkaU metal hydroxide, for example litiiium hydroxide in aqueous THF is 
generally effective- 

In reaction Scheme 3, a compound of formula 14 in which R7 is a lower 
alkyl group which may serve as a protecting group or a group smtable for use 
in a prodrug for example methyl, ethyl, tert-butyl or the like or repre^-*« a 
comiection to a solid phase resin, for example a Wang resin, is coupled witii a 
carboxyUc add of formula 11 using standard peptide coupling conditions, for 
example HBTU in the presence of DIPEA in a polar, aprotic solvent such as 
DMF at a temperatiire between 0 <•€ and room temperature to g^ve a 
compound of formula 15. Reduction of the niti^ group of 15 can be effected by 
catalytic hydrogenation for example using Pd(C) as a catalyst or by treatin^t 
with a standard reducing agent, for example SnCh. The resulting compomid of 
structiire 16 is useful as a key intermediate for several series of compounds. In 
the instance hi^ilighted in Scheme 3. it can be coupled with an ^cidot 
; formula 8 using standard peptide coupling conditions, for example HBTU m 
tiie presence of DIPEA in a polar, aprotic solvent such as DMF » 
temperature between 0 "C and room temperatiire to give a compound ot 
formula 17. Compound 17 may be a compomid of tiie invention dep«^^on 
tiie natiire of R7 or may be converted to a compound of the mvention by an 

D appropriate hydrolysis procedure, for example in tiie case where R7 IS lower 

alkyl. by hydrolysis by treatinent with excess alkali metal ^ydro^d^' 
SSiim hydroxide in aqueous alcohol. When R7 represents a resm suitable for 
solid phase syntiiesis. appropriate hydrolysis conditions will depend on the 
choice of resin. In the case of Wang resin, tireatment with tirifluoroacetic a^d 
,5 in the presence of appropriate scavengers will lead ti, an acid of formula 18. 
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In a method particularly well suited for soUd phase synthesis, «^ N*- 
AUoc-amino-Ncc-Fmoc protected phenylalanine derivative of formula 19 can be 
coupled to a resin suitable for solid phase synthesis, for e^ple. a Wang resm 
using standard coupling procedures, for example, by forming a mixed 
anhydride with 2,6-dichlorobenzoyl chloride and carrying out the coupbng 
reaction in a polar, aprotic solvent such as N-methyl pyrroUd^one to give a 
compound of structure 20 in which Rr represents the resin. The Alloc group 
may be removed by standard methods, for example by treatment with a 
reducing agent such as nBugSnH in the presence of a catalyst which is a 
source of Pd", for instance, PdCPhaDzCl^ to give an amine derivative of 
structure 21. This compound can be coupled vnih a carboxylic acid of formula 
8 using standard peptide coupling conditions, for example HBTU m the 
presence of DIPEA in a polar, aprotic solvent such as DMF at a temperahire 
between 0 and room temperature to give a compound of formula 22. The 
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Pmoc protecting group may be removed from 22 using standard base 
treatment weU known to those practicing peptide chemistry, for example with 
piperidine in DMF, to afford an amine of formula 23. The resulting compound 
23 can be coupled with a carboxyUc acid of formula 11 using standard peptide 
coupling conditions, for example HBTU in the presence of DIPEA in a polar, 
aprotic solvent such as DMF at a temperature between 0 »C and room 
temperature to give a compound of formula 24. Finally the compound of 
structure 24 can be cleaved from the resin under conditions dependent on the 
particular choice of resin. For example, in the case of a Wang resin, acid 
treatment with trifluoroacetic acid in dichloromethane in the presence of 
scavengers as necessary will afford a compound of formula 18. 

Depending on the particular synthetic target, the order of removal of the 
protecting groups from 19 may be altered so that the Fmoc group is first 
removed. coupUng of the resulting amine with an acid of formula 11 is carried 
out followed by removal of the Alloc group and coupling of the product with an 
acid of formula 8 and cleavage from the resin. Also the choice of protecting 
groups can be modified to reflect the reactivities of the resin and the nature of 
any fimctional groups incorporated into R5 and Re- 
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Reaction Scheme 4 
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Compounds derived from 3- or 4-(alkylamiiio)phenylalanine derivatives 
can be prepared as outlined in Reaction Scheme 5. A compound of formula 16 
or 7 may be treated with diazomethane in a suitable solvent, for example, 
ethyl ether to give products of formulas 25 and 26 respectively in which Rs is 
methyl. Alternatively, the compound of structure 16 or 7 may be treated with 
an lower alkyl aldehyde or ketone, for example acetone, to give an 
intermediate ScfaifPs base which is in turn subjected to catalytic 
hydrogenation or reduction with sodium cyanoborohydride in the presence of 
an organic acid, for example acetic acid to give a compound of formula 25 or 26 
in which Rs is lower alkyl other than methyl. Conversion of compounds 25 or 
26 to prodrug esters 27 or 28 or to the corresponding acids 29 or 30 
respectively can be carried out as described above in Reaction Schemes 2 and 
3. 
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For the preparation of 3- or 4-sulfonylaxmno phenylalanine derivatives 
compounds of foLula 7, 16, 26 or 26 may be reacted with a sulfonyl ^onde 
o^^ula 31, in which B9 is a substituted aryl or heteroaryl moxety. in an 
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inert solvent, for example dichloramethane in the presence of a non- 

nudeophiKc base, for example triethylamine or pyridine at about 0 C to room 
temperature to give compounds of structure 32 or 33 respectively as 
illustrated in Reaction Scheme 6 for compounds 7 and 26. These can be further 
converted to compounds of formulas 34 and 35 if desired using the general 
methods described above in Reaction Scihemes 2 and 3. Furthermore, the 
group R4CO- may replaced by a group R6CO- using the general chemistry 
described in scheme 2. 

For the preparation of compoiinds derived from 3- or 4- 
aminomethylphenylalanme, the procedure shown in Reaction Scheme 7 xnay 
be employed. A 3- or 4.hydroxymethyl benzoate of formula 36 m which Rio is 
lower alkyl, which are known compounds, or can be prepared by known 
methods, is treated with a silylating agent in which Rn-Ri3 are lower alkyl or 
phenyl, for example tert-butyldimethylsilyl chloride in an inert solvent, for 
Lmple dimethylformamide in the presence of imidazole at about 0 C to give 
a silyl protected compound of formula 37. Reduction of 37 may be earned out 
using a variety of suitable reducing agents, for example, Uthium alummum 
hydride in an ineri: solvent such as ether or tetrahydrofiiran at a temperature 
of about 0 -C foUowed by an aqueous workup to give an intermediate alcohol 
, which can be oxidized by any of several oxidizing agents suitable for oxidizmg 
benzyl alcohols to the corresponding aldehydes, for example actavated 
manganese dioxide, to give an aldehyde of formula 38. Monosilyl P^o^ 
diols are alternatively available from 3- or 4.hydroxymethylbenzylalcohols by 
monosnylation and separation of the side products. Alternatively, an ester of 
5 formula 37 may be reduced directiy to an aldehyde of formula 38 using 
diisobutylaluminum hydride at low temperature, for example at -78 C. 

Reaction of 38 to give a dehydroamino add of formula 39 be effi^d 
by treatment with a Wittig reagent of formula 4 in which R3 is lower alkyl and 
R4 is an alkoxy group, for example benzyloxy- or tert-butoxy- or represente a 

10 portion of one of the acyl groups of the compounds of the invention, for 
example substituted lower alkyl or substituted cycloalkyl. For exam^ 
treatment of 38 with (±).N-(benzyloxycarbonyl>a-phosphonoglycme tnmethyl 
ester in the presence of a suitable base for example tetramethyl guanidme 
leads directly to a dehydroamino add of formula 39. R3 = methyl and R4 - 

55 benzyloxy. Enantioseledive reduction of 39 to the L-amino acid 40 can be 

effected by use of one of a number of redudng agente suitable for the purpose, 
for example, the recently described ethyl-DuPHOS rhodium reagent. It will be 
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«adily apparent to those skiUed in the art that the optimal p«>ced,^e for the 

inversion of 40 int. compounds of the — n^U de^n^^^^ the 
SSL of R4 and R3. For the case wherein R3 is lower alkyl and R4 xs 
benzyloxy. conversion to an amine of formula 41 can be conveniently eff^ 
^rcatal^c transfer hydrogenation of 40 over Pd(C) in a suitable solven^for 
Imple methanol in the presence of ammonium formate as the reduc^ 
aTent Allien of 41 with a carboxyUc acid of formula 11 - ^ ^^f ^ 
described above in Reaction Scheme 2 to give a compound of formula 42. 
Conditions for removal of the silyl protecting group will ^^^^^^ j the 
particular choice of Rn-Ri3. In the case of Ru. Rl2 = xnethyl and Ria - tert- 
butyl, this group is readily removed by treatment witti ^^f^^.^^^^l . 
eZ.ple h^ocLric acid in an appropriate solvent for ihe choice of R3. for 
example where R3 is methyl, methanol. 

The resulting benzylic alcohol of formula 43 can be converted to an amine 
of formula 45 using procedures well established for similar ti^ormations. 
For example, the alcohol of formula 43 can be converted to a leavmg ^up. for 
example a mesylate by treatment with methane sulfonyl chlonde m the 
presence of a proton acceptor, for example pyridine, followed by displacement 
'Jt^raH^alfmetal azide. for example sodium azide in a PO~tic solvit 
such as dimethylformamide. Alternatively, the ?TtLT 
azide of formula 44 can be carried out directly by treatment -^^^^^^ 
phosphorazidate as described in: Thompson. A. S.; ^^^^^^^f^^^^^^ 
I U, Mathre, D. J.; Grabowski, E. J. J. J. Org. CHem. 1993. ~8^^^ 
Reduction of the azide 44 to an amine of formula 45 can be earned out^a 
S numberofmeanssuiteblefortheconversionofazidestoammes.forex^p^e 

by treatment with a phosphine, for example tiriphenyl phosphme - --^^^ 
sLnt such as dichloromethane or THF foUowed by an aqueous -r^P - 
catelytic hydrogenation over an appropriate catalyst, for example Pd(C) m a 
solvent suiteble for catalytic hydrogenations such as a lower ^^'^ 
,0 tetxahydrofaran. The resulting amine of formula 45 can be converted mto t^ 
corresponding compounds of the mvention using tiie procedures apph<^^ to 

free aLnes described in the otiier reaction schemes. For example couphng of 
45 witii a carboxyUc acid of formula 8 under tiie conditions ^^^2.r 
Reaction Scheme 2 leads to an amide of formula 46 which ^J^^^ 
35 convertedtoanacidoffonnula47ifdesiredbybasecatelyzedhydrolysisas 

described in Reaction Sdieme 2. 
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For the synthesis of urea derivatives, a compound of forni\ila 26 can I 
treated with an isocyanate of formiila 49, wherein R14 is substituted aryl, 
5 substituted heteroaryl or substituted lower alkyl with potentiaUy reactive 
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substituenu protected a, .pp«priaU using «„«n«».l pro^^ 
Leteries in a suitable inert solvent, for eiample dichloromethane to gr,e a 
r^STula 50. More genereU,. a compound of — -^^^ 
with a pho««.e e,^ent, for e«mple, triphosgene m an mert solvit sud. 
I^^lfrolthane in the presence of a non-nudeophiUc P.-'- aco^tor. for 
e„n.p,e aiisopropyleth» to ^-j;;^^^^'^ZT.Tf^<^ 

substituted ar^. substituted heteroaryl or t^ntoge*erfo™bst.tu.ed 
5 6 or 7 membered ring leads to a compound of formula 52. F«rthe' 
inversion, if necessary, of 50 or 52 to compounds of the .nvenfon can be 
carried out as described in Beactlon Scheme 5. 



Reaction Scheme 8 




.0-R3 



J ^0-R3 

FU O 



26 



49 



O IjIb 



50 



48 

R4^0 
52 



15 



For the synthesis of in^e. an "^^"^^t^ed and 
structure 68 in which Ei is H or lower altyl, R« « ^ P"^"" » 

is H or a readily deavable group such as substituted benzyl, tert-buty^ 
allyl or ihe like, or in the event that a prodrug ester is desired as the 8n^ 
^d^^ is U..t ester group, for example ethyl, is employed. Compounds of 
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formula 53 can be readily obtained from intermediates described above in 
Reaction Scheme 2. Reaction of a compound of formula 53 with a cycUc 
anhydride of formula 54 in an inert solvent, for example dichloromethane 
leads to a ring opened intermediate of formula 55. The structure impUed by 54 

5 includes bicydic molecules which may incorporate fused aromatic or 

heteroaromatic rings. In place of 54, it is also possible to use dicarboxyUc acids 
which are capable of forming cycUc imides. In the latter case, a condensing 
agent must be employed in the first step, for example carbonyl diimidazole. 
Treatment of the compound of formula 55 with a reagent such as carbonyl 

10 diimidazole capable of effecting cyclodehydration leads to an imide of formula 
56. Further manipulation of functional groups which were present on the 
anhydride of formula 54 and modification of R?" may be carried out on 
compoimd 56 as desired to obtain further analogs using standard chemistry 
which is compatible with the presence of the imide fimctionality. 

15 For the synthesis of compounds of the invention in which Ri is halogen, 

preferably chloro, the appropriate halogen atom can be incorpoarted into the 
starting material or inserted at various points during the course of the 
synthesis depending on the nature of the additional functionahty in the 
molecule. A chlorine atom can be incorporated into the compound of structure 

20 1, shown in scheme 1 and carried through to the compounds of the invention 
by avoiding reagents which would be expected to react with a halogen atom 
For example a compound of formula 6 in which Ri is hydrogen can be treated 
with a mild chlorinating agent, for example, N-chlorosucdnimide in the 
presence of a proton acceptor, for example, sodium acetate to give the 

25 corresponding compound of formula 6 in which Ri is chloro. In the case where 
6 is derived from 3-amino-L-phenylalanine, a mixture of regioisomers may 
ensue which may be separated at a convenient point in the overall synthesis. 
Other intermediates described in the above schemes may be more suitable 
starting materials for halogenation for a particular target molecule. The 

30 particular merits of individual candidate starting materials will be apparent 
to those skilled in the art. 
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For the synthesis of the thiazoUdinones of formula 62 described m 

reaction scheme 10. an aminophenylalanine derivative of ^tru^^ 
wMr^andRva^aspreviouslydefinedmaybe employed. ReacUonoflB 

with an a-mercapto carboxyUc acid of formula 59 in which R20 can be 
hydrogen, lower alkyl or aryl, for example a-mercapto acetic acxd and an 
Jdehyde of formula 60 in which R21 can be lower alkyl. arylalkyl or a 
substituted aryl group, for example benzaldehyde. in an approprxate solvent 
such as benzene. THF or a lower alcohol for example 
presence of a water scavenger such as 4A molecular sieves at 60 to 80 C 

provides compound of formula 61. Compound 61 may be a compound of ^ 
L^^n deluding on the nature ofRvor may be converted toacompound of 

the inventionby an appropriate hydrolysis procedure, for --^^^^J^^ 
where R7 is lower alkyl. by treatment wilii excess alkah metal ^^y^^^f 
as sodium hydroxide in aqueous alcohol. When R7 represents a res^n suitable 
for soUd phase synthesis, the appropriate hydrolysis conditions will de^nd on 
the choice of resin. In tiie case ofWangresin.treatmentwithtnfl^^^ 

acid in the presence of appropriate scavengers will lead to an aad of formula 
62. The sequence may be initiated with related anilines, for example a 
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compound of formiOa 7 in which Ri is lower alkyl or halogen to give the 
correspondii^ thiazolidinones. 

Reaction Scheme 10 
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For the synthesis of imidazoUdinones of formula 67 shown in reaction 
scheme 11. an aminophenylalanine derivative of structure 16 in which Re and 
R7 are as previously defined may be employed. Compound 16 can be readily 
obtained through the synthesis described in reaction scheme 3. This 
compound can be coupled with a N-protected a-amino acid of formula 63. m 
which R22 can be a lower alkyl or an aryl group, R23 can be a natiiral or 
unnatiiral D- or L-a-amino add side chain or R22 and R23 together can form a 
ring, for example a proline or pipicolinic acid ring and R24 may be a standard 
amine protecting group suitable for tiie particular selection of Re, R?, R22, and 
R23 for example tert-butoxycarbonyl. The coupUng reaction can be effected 
using standard peptide coupling conditions, for example HBTU in the presence 
of DIPEA in a polar, aprotic solvent such as DMF at a temperatiire between 0 
»C and room temperatiire to give a compound of formula 64. Depending on the 
natijre of protecting group R24. an appropriate deprotection method is 
employed to give a compound of formula 65. In the event that tiie protecting 
group R24 is a Hoc group, the deprotection can be carried out by the reaction of 
64 with HCl in dioxane at room temperatiire. Reaction of compound 65 with 
an aldehyde of formula 60, in which the R21 is as defined above, m the 
presence of a water scavenger such as 4A molecular sieves at 60 to 80 "C in an 
appropriate solvent, for example THF. provides a compound of formula 66. 
Compound 66 may be a compound of the invention depending on the natinre of 
i R7 or may be converted to a compound of the invention by an appropriate 
hydrolysis procedure, for example in the case where R7 is lower alkyl. by 
hydrolysis by tireatment with an alkaU metal hydroxide, such as sodium 
hydroxide in aqueous alcohol to give a carboxyUc acid of formula 67. 
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Po. the synthesis of i-i<i-Udinones of fo W^^^ 
scheme 12. an annnophenylalamne derivative ^^^^^^^^ 
Et are as previously defined is employed. Compound 16 can 'e-dUy 
obtained through the synthesis described in ^f^^^N^^t^'^^o 

is lower alkyl. This compound can be coupled with a N P«»*«^ 
aLofformula69.inwhichR25canbeanaturalorunnatur^.D-or^^ 
axmno acid side chain and R26 is a nitrogen protectmg group of the type 

Zventionanyusedinpeptide^.fore^P^^^^^ 

standard peptide coupling conditions, for example ^B^^^^^^^^ q 

BIPEA in a polar, aprotic solvent such ^^^f^^^ZZ^Z^^ 

and room temperature to give a compound .^^/r^^J^^^^^^ 

nature of protecting group R26. an appropriate deprotecbon 

employedtogivecompoundofformulan^^^^^ 

p«c IS Pmoc eroup, it may be removed from 70 usmg swuiv^ 

pnldn. peptide C^n^try. fo^ — J^-^^' 
inDMP,tos«.rd«..nm>.offonmda71. -fte compound 71 then re>^ 
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oHonuuU 72, Thehnta, "-^*-^l*^^"U .n a>k,l or aryl .roup in 
, as Chloride of S^^aT^J^^^^^^,^^^^ 

the presence of . basesuch temperature) to give an acjd 

dlehloromethane or THF at 26-80 C (.»^ t^^^ 

i„udazoUdinoneoftormuta7S. 0*="°^"™*' ,4 nay bear protected 

L»ple. acid enhydrides a^ "^^^t^S^, point in .he 
„ substituentswhich^U^her^no^ 

sjmthesis. Compound 73 ""^ ^^7^„p„u,rf of the invention by mi 
the nature of R, may be ■^"f^T;^^ ^ case -here B, is k««r 
appropriate hydrolysis P"-" ^tai hydro^de, for e«mple 

alkyl, by hydrolysis by "-""^j*^* addification, a carboxyUc 

15 sodium hydiozide in aqueous alcohol anilines, for 

^^r.:^f=7™S'i:-eraU.lorha.^to.ve 

the correspondiBg 3-acyl ixnidazolidiuoues. 
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Reaction Scheme 12 




O-R7 



69 



R26 




.0-R7 



10 



H 
60 



R27COCI 
74 



R21 



72 



R27 

H 
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68 Rtf'^ ° 



73 Rtf^O ° 

The acids of formula 11 are known compounds or can be prepared using 
standard methodologies. For the preparation of substituted alkyl- or 
cycloalkylcarboxyUc acids, alkylation reactions can be employed using an 
alkali metal dianion of the acid or monoanion of the corresponding ester. For 
example, a cydoalkyl carboxyUc acid ester of formula 75 can be treated with a 
strong base, for example. Uthium diisopropylamide in an inert solvent, for 
example THF foUowed by addition of group Raa-Lv wherein R28 represents a 
desired side chain, such as a substituted benzyl, lower alkyl. lower alkoxy 
alkyl, azidolower alkyl and the hke and Lv represents a leaving group such as 
a bromide, iodide, mesylate or similar group known to participate in ester 
enolate alkylation reactions. The product ester 76 may be hydrolyzed to the 
add 77 using alkaU metal hydroxide in a suitable solvent, for example 
aqueous alcohol. Dependmg on the nature of R28 and the eventual target, the 
15 compound 77 may be a coupled to an amine such as compound 23 and 
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w f +^ further manipulation 
inverted U. .he '^'^T^^^ri^t'^^ ^ - 

Jation, »Ufonyl.tt»> and .elated P"-*"^'^,, , bremtoe 

art. HE» tocorparates a ea™>g ^^"^^^eophUe, for e^mpU. 
atom, to group roay be displaced fy^^^^,^ „ueh may be the 

derired product or can be rtself conditions. Other 

toa,ul«»ideors»Ubne««ngsUndari^-^n^^j^^^ 

nudeophtte, which may be emp^^d ^ ^tho^de. 

compounds of this invention ""'"f :,';^^tco^ra.es a ketal group, 
sodium azide, morpholine and others. ''^'T a,esU to provide 

this group '-y^^y^^t::'Z^^^^^^- '"'^'"'^ 

5 aketogr«up.Thisgroupmtummaybe 

reduction to an alcohol or conversion to denvativ 




76 




20 



25 



* vo« on a Thomas-Hoover apparatus and 
Melting points were ^^ ^^ed with a Perldn-Elmer 
are uncorrected. Optical rotations were ^^^^^ Varian XL-200 

„.odel 241 polarimeter. ^H-NME ^^-^^ ^^ethylsilane (TMS) as 

Unityplus 400 MHz spectroxne^r. ^^^^^^^ ^^nbaxdxnent 
internal standard. Electron unpact (EI 70 e ) 
<FAB)n^s spectra were ta^enonj^^^ 

spectrometers, ^^-^^^^l^l^^^^-^^-^"^^ 

SiUCar 230-400 mesh sihca gel for flasn ehromatograms 

under aO^ psi head of nitrogen to assist flo^T^ y ^^^^y^. 

were run on glass thin layer plates coa^d^^^^^^ 

Merck(E.Merck#1.05719)andwerev^^^^^^^^^ 

light in a view box. by exposure to I2 ^^^^J ^ exposure to CI2. with 
phosphomolybdic acid (PMA) in aqueous eihano^^r ^ ^ 

L,4.-tetramethyl.ammo^^^^^^ 
Von Arx, M. Faupel and M Brugger. «/. 
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Reversed phase high pressure Uquid chromatography (RP-HPLOwas 
carried out using either a Waters Delta Prep 4000 employing a 3 x 30 cm. 
Waters Delta Pak 15 pM C-18 column at a flow of 40 mL/min employing a 
gradient of acetonitrilerwater (each containing 0.75% TFA) typically from 5 tp 

5 95% acetonitrile over 35-40 min or a Rainin HPLC employing a 41.4 mm x 30 
cm, 8 pM, Dynamax™ C-18 column at a flow of 49 mL/min and a similar 
gradient of acetonitrilerwater as noted ahove. 

Dichloromethane (CH2CI2), 2.propanol, DMF, THF, toluene, hexane, 
ether, and methanol, were Fisher reagent grade and were used without 

10 additional purification except as noted, acetonitrile was Fisher hplc grade and 
was used as is« 

Definitions: 

THF is tetrahydrofuran, 
DMF is N,N-diniethylforniamide, 
15 HOBT is l-hydroxybenzotriazole, 

BOP is [(benzotriazole.l-yl)oxyltris-(dimethylainino)phosphoniu^ 

hexafluorophosphate, 
HATU is 0-(7-azabenzoiTiazol-l-yl)-l,l,3,3-tetramethyluronium 

hexafluorophosphate 
20 HBTU is 0-benzotriazole-N^,N' J^'rtetramethyluronium 

hexafluorophosphate, 
DIPEA is diisopropylethylamine, 
DMAP is 4-{N,N-dimethylamino)pyridine 
DPPA is diphenylphosphoryl azide 
26 DBU is l,8-diazabicyclo[5.4.01undec-7-ene 

NaH is sodium hydride 

brine is saturated aqueous sodium chloride solution 
TLC is thin layer chromatography 
LDA is Uthium diisopropylamide 
30 BOP-Cl is bis(2-oxo-3-oxazolidinyl)phosphinic chloride 

NMP is N-methyl pyrrolidinone 



Examples 
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T?.vaTY.p1i. 1 . Synthesis of 1-Benzylcyclopentane carboxyUc acid ethyl ester. 
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A »lutto of dii.opropyUioiBe (1.0 7.7 xnmol) to 20 ^ "'^^'j'^ 
cooled to -78 -C in a dry ice-acetone bath under argon. n-Butyl bthium m 
^et<2.5 M. 3.6 Z 7.7 nunol, was added all at once and the =n:*« was 
Lred for 0.6 hour and transferred to a precooled (-30^) "'f-f^^^" 
nnnol) of ethyl oydopentane carboxytate to 10 nO, TOT. ^ a 6^ 46 
nnn, benzyl bromide (0.92 wL. 7.7 nunol) was added and the nu-uro was 
rwedJwarm«.room.emp.rature over night. The resu^tmgnn^J^^ 

concentrated, and the residue was taken up to 70 uJ. "^'^'^t 
water, 1 N HCl, water, saturated brine and was dned (MgSOa). The residue 
obtained after filtration and evaporation was purified by flash 
chromatography over 100 g of silica gel, eluttog with 3* e«i,yl 
to give 1-benzylcyclopentane oarboxyUc add eftyl ester (0.80 g, «%) •> a 
colorless oil. 

E2aaEl62. Synthesis of 1-benzylcyclopentane carboxylic acid. 

A solution of l-benzylcydopentane carboxyUc acid ethyl ester (0.40 g 1/7 

nunol) in 10 mL of THF and 5 mL of methanol was treated w.th a solution of 

200 mg of lithium hydroxide hydrate in 5 mL of water and the -f^ure ™ 

!^for 3 days at room temperature and at 40 "C for 3 days. The nn^ 

was diluted with water, washed with ether and acidified --^ ^^^^^ f^' 

, The aqueous layer was extracted with ether and the combmed ^f^fj^^ 
wa^^withwLrandbrineandweredried(MgSO4).Evaporat.ongave0.34 

g (96%) of 1-benrylcyclopentane carboxyUc acid as a thick yellow oil. 

Examek^. Synthesis of l-t(4.methoxyphenyl)methyllcyclopentane carboxyUc 

acid. 

A solution of diisopropylamine (58 mL, 0.44 mol) in THF 400 mL was cooled to 
C^:!:r-CandnIt^'uthiuminhexane(170mL,2.5N,0.43n.l)w^^^^^ 

dropwise maintaining the temperature below 0 'C. Upon comp etaon of the 
fdLon, ethyl cydopentylcarboxylate (55 g. 0.39 mol) in ™ ^) was 
added dropwise maintaining the internal temperature between -60 and ^0 C. 
Upon completion of the addition, tiie internal te-P^-*™ ^^^^^^^^ 
to 40 -C and was held there for 20 min and lowered back to^O C. A solution 
of 4-methoxyben^l bromide (75 g. 0.48 mol) in 175 mL of THF was added 
dropwise and the mixture was aUowed to warm to room ^^P^'**^ 
oveLght. A solution of 20% ammonium chloride in water (25^ r^) was added 
foUowed by 450 mL of ethyl acetate, the layers were separated the aqueous 
layer was extracted with ethyl acetete (450 mL) and the combmed orgamc 
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layers were washed witi^saturatedbrine (2 x 450^^^ 
(]1S04). The crude product was chromatographed on sihca gel. 
1.5% ether in hexane to give l-I(4.metho.yphenyl)methyllcydo- 
pentanecarboxylic acid ethyl ester (80.8 g, 79%) as an oil. 

Then^terialobtained above wasdissolvedinn^e^^U^^^^^ 
sodiumhydroxide(350n^)andthennxturewasl^atedto^^^^ 

The mixture was allowed to cool and was concentrated. "^^^^^ «Less 6 N 
^ ^+wf9x 500 mL) and was acidified witb excess 01^ 

residue was washed with ether (2 x 50U nu.; an dichloromethane 

, , • • J v« r.TT ^91 This solution was extracted witu dicmoromew 
hydrochloric acid to pH <2. ims somuon ^^^q x evaporated to a 

(2 X 500 mL). the extracts were combined, dned (MgS04) ana p 

white solid (69.6 g, 89%), mp 63.5-64.5 "C. 

g^,^. Synthesis of K2-azidoethyl)cyclopentane carboxyUc add. 

• iPia^j o mol) in THF 85 (mL) 
To .n ic COW solution »f ""^'^'^ .^'^l 6 ^ 0.393 mol) over 

i 20 min. The mhrturo was stared at 0 <^ "T^ „, 0.263 mol) 

temperature of -65 'C and ethyl cydopentane <"*f;" 

. l,.M .t -65 -C for 3 hr and aBowed to warm to room temperature 
o "^t Th^rea^on was quenched by addition of saturated ammonrum 
0 overmgnt. ine reacwuu h , aaueous layer 

chloride solution (200 mL). the layers were -f-**^.^^^^^",^ 
was extracted wiih ethyl acetate (100 mL). The ^^^^^^^r^Zl^tion 
washed with 1:1 brine:water (250 mL) and were dned (Nai^O*). i 

was filtered and concentrated, diluted wilh toluene ^00 
^ concentrated.Thedilutionandconcentrationwasrepeatedtwicetogiveethy 

l-(2-bromoethyl)cyclopentane carboxylate (52.5 g). 

Asolutionoft^ahovehr^maeCS^^^ O^U-.^^^ 
0.831 mol) hi DMF (200 mU was .t«ed at 60 C for Shrmi 
atmosphere and was filtered. The filtrate was concentrated to 

» dilu Jwlth ethyl acetate (600 ml.,, fif-;" ^^TrXl 
ethyl l-(2-azidoethyl)cyclopentane carboxyUte (40.9 g) as a D 

^Lal was combined with p«duct ^ a ^^^^^^IZ^ 
was purified by chromatography over 260 g "f "n^^'- ""T* 
acetate m he=mne to give 60.3 g of product as a hght brown oU. 
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The oil from above (50.3 g, 0.238 mol) was dissolved in THF (750 mL) and 
methanol (375 mL) and a solution of liOH hydrate (15 g, 0.357 mol) in water 
(300 mL) was added. The resulting solution was stirred at 40 *C overnight and 
concentrated. The residue was dissolved in 2 L of water containing 40 mL of 
IN NaOH and was washed with hexane (1 L). The aqueous layer was acidified 
with 1 N HCl (375 mL) and was esdxacted with ether (2x1 L). The combined 
extracts were dried (Na2S04) and concentrated to give l-(2- 
azidoethyDcydopentane carboxyUc acid (37.5 g) as an amber Uquid. 

TT.YnTT^ple fi . Synthesis of 4-(chloroniethyl)-N.methylbenzamide, 

To a solution of 4-chloromethyl benzoic acid (17.05 g, 100 mmol) in toluene 
(dried over molecular sieves 4A) was added thionyl chloride (11 mL, 150 
mmol). The mixture was heated to 80 "C and stirred overnight and then 3 h at 
105 -C. The reaction mixture was cooled to room temperature and excess 
thionyl chloride and toluene were removed under vacuum. The resulting oily 
residue was azeotroped with toluene (50 mL), then dried under high vacuum 
for 45 Tni" to give the crude a^d chloride. 

To the crude add chloride in dichloromethane (200 mL. dried over molecular 
sieves 4A) was added methylamine hydrochloride (7.5 g, 110 mmol) at -10 'C 
in one portion. To the mixture diisopropylamine (35 mL, 201 mmol) was added 
dropwise over 15 min while maintaining the temperature of the reaction 
mixture below 2 'C. After addition, the suspension was allowed to warm to 
room temperature and stirred for 30 min. Then, the reaction mixture was 
diluted with water (125 mL) and the layers were separated. The aqueous layer 
was extracted with dichloromethane (2 X 60 mL) and the combined extracts 
were washed successively with water (150 mL) and brine solution (150 mL). 
After drying over anhydrous magnesium sulfate, the solution was 
concentrated to 50 mL. The predpitated white soUd was collected by filtration 
and washed with dichloromethane and hexane to obtain 4-(chloromethyl)-N- 
methylbenzamide (12.02 g) as a white soUd. A second crop material (3.05 g) 
was obtained from mother Uquor by concetration and dilution with hexane to 
give a total of 15.07 g, 82%, mp 138-139.5 "C. 

f;-ramplft fi . Synthesis of 4-(l-methyltetrazol-5-yl)benzyl chloride. 

To a suspension of 4-(chloromethyl)-N-methylbenzamide (12 g, 65.3 mmol) in 
toluene (dried over molecular sieves 4A) was added thionyl chloride (7.15 mL, 
> 98 mmol). The mixture was heated to reflux (-90 °C) and the resulting light 
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yeUow solution was stirred at reflux overnight. The reaction mixture was 
cooled to room temperature and excess thionyl chloride and toluene were 
removed under vacuum. The resulting oily residue was azeotroped with 
toluene (50 mL). then dried under high vacuum for 1.5 h to give the crude 
5 imidoyl chloride. 

To a suspension of sodium azide (5.1 g, 78.5 mmol) in acetonitrile (62 mL) was 
added chlorotrimethylsilane (10.5 mL, 82.5 mmol) and the mixture was stirred 
for 1.5 h at room temperature. After cooling to 0 »C, a solution of the crude 
imidoyl chloride prepared above in acetonitrile (20 mL) was added. This 

10 mixture was stirred for 1.5 h at 0 »C, then allowed to warm to room 

temperature and stirred for 18 h. TLC analysis indicated the presence of 
traces of starting amide. Then, the reaction mixture was diluted with water 
(70 mL) and ethyl acetate (70 mL) and was poured into a mixture of saturated 
ammonium chloride (70 mL) and ethyl acetate (70 mL). The two layers were 

15 separated and the aqueous layer was extracted with ethyl acetate (2 x 50 mL). 
The combined extracts were washed successively with water (90 mL) and 
brine solution (90 mL). After drying over anhydrous magnesium sulfiate. the 
solution was concentrated to 40 mL to afford a white precipitate. The soUd was 
collected by fUtration washing with hexane. Attempted purification by 

20 crystaUization in various solvents were unsuccessful. Thus, it was purified by 
preparative HPLC using ethyl acetate and hexane in 1:2 ratio as eluent to 
afford 4-(l-methyltetrazol-5-yl)benzyl chloride (11.35 g. 83%) as a white soUd; 
mp 90-92 'C. 

TCyflw^ ple 7 . Synthesis of l-[I4-(l-methyltetrazol-5- 
25 yl)phenyl]methyl]cyclobutane 
carbo:^lic add. 

A solution of diisopropylamine (1.05 mL, 7.5 mmol) in THF (5 mL) was colled 
to -10 and a solution of n-butyl Uthium (2.9 mL, 7.25 mmol) in hexanes was 
added dropwise while maintaining the temperature below 0 »C. After addition, 

30 the solution was stirred for 30 min at 0 "C. The solution was cooled to -70 
and a solution of methyl cydobutane carboxylate (0.57 g, 5 mmol) in THF (2 
mL) was added dropwise mnintainins the internal temperature between -60 to 
-70 "C. After addition, the reaction mixture was stirred for 30 min at -50 to -60 
»C. Then, a solution of 4-(l-methyltetrazol-5-yl)benzyl chloride (0.94 g, 4.5 

35 mmol) in THF (5 mL) was added dropwise and the reaction mixture was 
stirred for 1 h at -60 to -70 "C. Then, it was allowed to warm to room 
temperature and stirred overnight at which point TLC analysis indicated the 
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absence of 4-(l-methyltetrazol-5-yl)benzyl chloride (Note: the product and 4-(l- 
methyltetrazol-5-yl)benzyl chloride has the same Rf value, however they were 
differentiated by spraying with PMA). The mixture was poured into a mixture 
of water (70 mL) and ethyl acetate (70 mL). An emulsion formed and was 
filtered through ceUte. The resulting two layers were separated and the 
aqueous layer was extracted with ethyl acetate (2 x 50 mL). The combined 
extracts were washed with saturated brine and dried over anhydrous 
magnesium sulfate. After filtration, the solution was concentrated under 
vacuum and the residue was purified by silica gel chromatography eluting 
with 1:2 ethyl acetate:hexane to give methyl l-[[4-(l-methyltetrazol-5- 
yDphenyllmethyllcyclobutane carboxylate (0.42 g, 32%) as a syrup. HR MS: 
obs. mass, 301.1668. Calcd mass, 301.1664. 

|r. y«Tnnl«> 8 - 14 . Using the procedure described in example 7, the cyclopentane 
carbo^late derivatives shown below were prepared. 

DO2CH3 



16 




Example 


R 


Yield % 


HRMS 
Obs. 


HRMS 
Calcd 


8 


Q-{CH2)- 

CH3CJ 


66 


248.1406 


248.1412 


9 


Q-(CH2>- 
Cl 


99 


252.0921 


252.0917 


9 




59 


243.1253 


243.1259 


10 


CH3O 


71 


278.1518 


278.1518 


11 




53 


301.1669 


301.1664 


12 




18 


301.1668 


301.1664 
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13 


CH30(CH2)2- 


36 


186.1257 


187.1256 


14 


CH30CH2- 


45 







10 



15 



TC^^mple 15 . Synthesis of l-[[4-(l-methyl-5- 
tetrazolyDphenyllmethyllcyclobutane carboxyUc aad. 

To a solution of meiixyl l-U4-(l-methyltetrazol-5-yl)phenyllme^^^^^ 
iLboxylate (0.33 g. 1.15 nunol) in a nnxture of THF (7 mL) ^^^^^g 
„^)^s added lNsodiunxhydro:dde(7na.).Thenu^ewash^tedto^ 
^and stirred for 4 h at which point TLC analysis indicated the absence of 
sta^n^terial. After coolingt^roonxt^mperature. the ^ive^^ 
under vacuum and the residue was diluted with water and extracted with 
ethyl acetate to remove any neutral impurities. Then, the ^^---/^J.r' 
neulalized with 1 N hydrochloric acid and ihe product ^^^^^^ 
ethyl acetate (2 x 50 mL). The combined extracts were washed with saturated 
brine and dried over sodium sulfate. After filtration, the solution was 

crcentrated under vacuum and the residue was dried under hxgh vacuum to 

2Tl-[[4^1-methyl-5-tetrazolyl)phenyll^^^^^ carboxyhc acxd 

(180 mg, 57%) as a Ught yellow syrup. 

£^,,,,,,^6^14^. U^^the procedu™ describe 

cyaopentane carboy adds were prepared fton. *e corre.p»ndmg methyl 

esters: 



20 



Example 


R 1 


Yield% 


HR MS Obs. 


HRMS 
Calcd 


16 


Q-(CH2)- 
CH3CJ 


90 


234.1264 


234.1256 


17 


Q-(CH2>- 
Cl 


73* 


238.0757 


238.0761 


18 


N0-Q-(CH2)- 


79 


230.1173 


230.1181 



wo 99/10313 



59 



PCT/BP98/05144 



19 


CHaO-f^CCHa)- 

CH3O 


96 


264.1361 


264.1362 


20 


(CHo)- 


95 


267.1508 


267.1508 


21 


PH3 


100 


286.1433 


286.1430 


22 


CH30(CH2)2- 


92 


172.1095 


172.1099 


23 


CH30CH2- 


73 


158.0948 


158.0943 



and 15. 

TC-g«mnle 24 . Synthesis of l-I(4-methoxyphenyl)methyllcyclohexane carboxyUc 
acid 

5 Usii^ the procedures described in examples 7 and 15, starting with 4- 

methoxybenzyl chloride, l-[(4-niethoxyphenyl)methyllcyclohexane carboxyUc 
acid was prepared in 23% overaU yield. HRMS: obs. mass, 248.1426. Calcd. 
mass, 248.1412 (M+). 

Example 25 . Synthesis of l-l3-(l-methyl-5- 
10 tetrazolyDphenyllmethyllcydohexane carboxylic add 

Using the procedures described in examples 7 and 15, starting with l-[3-(l- 
methyl-5-tetrazolyl)ben2yl chloride, l-t3-(l-methyl-5- 
tetrazolyDphenyUmethyllcydohexane carboxylic acid was prepared in 77% 
overall yield. HRMS: obs. mass, 301.1667. Calcd. mass, 301.1664 (M+H). 

15 Example 26 . Synthesis of N-[(l-phenylcyclopentyl)carbonyll-4-amino-L- 
phenylalanine methyl ester 

To a solution of 4-nitrophenylalanine hydrochloride methyl ester (3.90 g, 15 
mmol) and 1-phenylcyclopentane carboxyUc acid (3.4 g, 18 mmol) in 30 mL of 
DMF was added HBTU (6.8 g, 18 mmol) and diisopropylethyl amine (6.4 mL, 
20 30 mmol) at room temperature. The mixture was then stirred at this 

temperature for 8 hr. The reaction was then diluted with 250 mL of ethyl 
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acetate and was washed with 0.5 N HCl (40 mL). saturated NaHC03 (2 x 40 
mL) and saturated hrine (2 x 40 mL). After removal of the solvent, the residue 
was purified on a siHca gel column eluting with ethyl acetate:hexane (1:3) to 
give N-[(l-phenylcyclopentyl)carbonyll-4-nitro-L-phenylalanine methyl ester 

5 (4.5 g, 75.7%). 

A suspension of N-l(l-phenylcydopentyl)carbonyll-4-mtro-L-phenylalanine 
methyl ester (3.5 g. 8.88 mmol) and stannous chloride (10 g, 44 mmol) m 60 
mL of ethanol was refluxed for 50 min under argon. The ethanol was thwi 
removed under reduced pressure and the residue was treated with 50 mLof 
10 saturated NaHC03 foUowed by sodium carbonate to adjust pH above 9. "nie 
white slurry was extracted with ethyl acetate (3 x 300 mL). The combmed 
extracts were washed with water (100 mL) and brine (100 mL) and were dned 
(MgS04). Removal of the solvent afforded 4-amino-N-[(l- 
phenylcydopentyDcarbonyll-L-phenylalanine methyl ester (2.9 g. 89%). 

15 TCv..Tnnlft27 . Synthesis of N-[(l-phenylcyclopentyl)carbonyll-4-l(4- 
quinolinylcarbonyl)aminol-L-phenylalanine sodium salt 
To a solution of 4-amino-N-l(l-phenylcyclopentyl)carbonyll-L-phenylalanine 
methyl ester (81 mg. 0.2 mmol) and 4-quinolinecarboxylic add (43.3 mg. 0.25 
xnmol) in 1 mL of DMF was added HBTU (95 mg, 0.25 mmol) and 
20 diisopropylethylamine (65 pL, 0.5 mmol) at room temperature. The nuxture 
was then stirred at this temperature for overnight. The reaction was tiien 
diluted with 15 mL of ethyl acetate and was washed with water (2 mL). 
saturated NaHC03 (2 x 2 mL) and saturated brine (2 x 2 mL). The solution 
was dried (MgS04) and concentrated. The residue was hydrolyzed with 0.5 mL 
25 of IN NaOH in 5 mLof ethanol at 25 -C overnight. The crude product was 

purified by passing through an open C-18 column eluting with water (200 mL). 
30% methanol in water (200 mL). 40% methanol in water (200 mL) and Pure 
methanol (200 mL). The fractions containing produd; were concenta^ted and 
lyophilizedtogiveN-[(l-phenylcyclopentyl)carbonyll-4-I(4- 
30 quinoUnylcarbonyl)aminol-L-phenylalanine sodium salt (79.5 mg, 75%), HKr 
FABMS: obs. mass, 530.2056. Calcd. mass, 530-2058. 

Tr.^.m p1>.s28-31 . Using the general method described in Example 27, the 
following analogs were prepared stariiag with the produd from example 26 
and the appropriate benzoic or hetereoaromatic carboxylic adds: 



i 
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Example 


R' 


HRMS 
calcd. 


(M+H) 
found 


28 




457.2127 


457.2135 


29 


U 


496.1848 


496.1844 


30 




572.2161 


572.2144 


31 




530.2056 


530.2057 



y.vaT»pU .^9. Synthesis of 4-nitro-N-[[l-(phenylmethyl)cyclopeniyllcarbonyl]-L- 
phenylalanine methyl ester 

A solution of l-benzylcydopentane carbosylic acid (0.135 g, 0.66 mmol), 4- 
nitro-L-phenylalanine methyl ester (0.187 g, 0.72 mmol), and HBTU (0.272 g, 
0.72 mmol) in 2 mL of DMF was treated with diisopropylethylamine (0.35 mL, 
2 mmol). The mixture was stirred over night, concentrated, diluted with ethyl 
acetate, washed with water, 1 N HCl, water, saturated NaHC03 and dried 
(MgS04). The residue obtained after evaporation was purified by 
chromatography over 30 g of siHca gel, eluting with 40% ethyl acetate:hexane 
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to give 4.nitro-N4ll-(phenylinethyl)cyclopentyllcarbonyll-l^ph^^^^ 
methyl ester (194 mg, 71%), as a white foam. 

Ex^El^. Synthesis of 4.annno-N-l[l-(phenylmethyl)cyclopentyllcarbonyll- 

L-phenylalanine methyl ester 
5 A solution of 4-mtro.N4[l-(phenybnethyl)cyclopentyllcarbonyll-L- 

phenylalanine methyl ester (185 mg. 0.45 mmol) in 10 mL of ethanol was 

hydrogenal^d at atmospheric pressure over 47 mg of 10% Pd(C) for 3 hours. 

Tt.e reaction mixture was filtered through a pad of celite and evaporated to 

dryness to give 4-amino-N-lll-(phenylmethyl)cyclopentyl]carbonyll-L- 
10 phenylalanine methyl ester (170 mg, 99%) of as a white soUd suitable for use 

in the next step. 

^^ElsJi. Synthesis of N-lll-(phenyhnethyl)cyclopentyllcarbonyl]-4-[(4- 
quinolinylcarbonyl)amino)-L-phenylalanuie 

A solution of 4-amino-N-ttl-(phenyhnethyl)cyclopentyl]carbonyll-L- 
15 phenylalanine methyl ester (29.5 mg, 0.078 mmol). quinoline^carhoxyUc acxd 
(17 mg. 0.10 mmol), and HBTU (38 mg. 0.10 mmol) in 1 mL of DMF was 
treated with diisopropylethylamine (30 ^L. 0.17 mmol). The -ixture was 
stirred over night and was diluted with 15 mL of ethyl acetate 10 mL of 
ether and was washed witH portions of water (2 x 10 mL), satn^rated NaHC03 
20 (10 mL) and was dried (MgS04). Concentration gave 48 

dissolved in 3 mL of methanol. Sodium hydroxide solution (0.10 mL 4 N, 0.4 
xnmol) was added and the mixture was stirred for 2 hr. The excess base was 
quenched by addition of 0.1 mL of acetic acid. Oie solution was filtex^^ tough 
a 0.2 p nylon filter and the filtrate was purified by RP-HPLC on a 4 x 30 cm 
25 Rainin C-18 column using a gradient of 5 to 95% acetonitrile:water contemmg 
0.75% trifluoroacetic acid at a flow of 49 voJJmin over 30 mm. The peak 
eluting at 74.5% acetonitrile was the add N-l[l- 

(phenyhnetliyl)cydopentyllcarbonyll^l(4Hiuinolinylcarbonyl)aimno)-L- 
phenylalanine (15 mg). HB.FAB-MS: obs. mass 522.2393. Calcd. mass 
30 522.2393 (M+H). the peak eluting at 83% acetonitarile was recovered N-[[l- 
(phenylmethyl)cyclopentyllcarbonyll-4-[(4^uinolinylcarbonyl)^^^ 
phenylalanine methyl ester (15 mg). HR-FAB-MS: obs. mass 536.2556. Calcd. 
mass 536.2549 (M+H). 

T^.^«mnlp.^5 . Synthesis of 4-[[(2-mta-ophenyl)carbonyllaminol-N-lll- 
35 (phenylmethyl)cyclopentyllcarbonyll-L-phenylalanine 
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4-Aimno.N.l[l-(phenylinetiiyl)cyclopentyl]carbonyll-I^phenylal^ 

ester (31.7 mg, 0.083 mmol) and 2-nitrobenzoic acid (38 mg, 0.10 nmiol) were 

reacted as described in example 34 to give 26.7 mg of 4-11(2- 
nitrophenyl)carbonyl]aminol-N-[[l-(phenylmethyl)cyclopentyllcarbonyll-L- 

5 phenylalanine, HR-FAB-MS: obs. mass 516.2113. Calcd. mass 516.2134 

(M+H). 

g^ngleM. Synthesis of 4-[K2-methyl-5-mtrophenyl)carbonyllaminol-N-[[l- 
(phenylmethyl)cyclopentyllcarbonyl]-L-phenylalanine. 

4.Ainino.N-[ll-(phenylmethyl)cyclopentyllcarbonyl]-L-phenylalanine methyl 
10 ester (35.3 mg, 0.093 mmol) and 2-methyl-5-nitrobenzoic acxd 20 mg. 0.11 
mmol) were reacted as described in example 34 to give 4-[l(2-methyl-5- 
mtrophenyl)carbonyllamino]-N-[[l-(phenybnethyl)cyclo-pentyllcarbonyl]-L- 

phenylalanine (34 mg. 69%), HR-FAB-MS: obs. mass 530.2298. Calcd. mass 
530.2291 (M+H). 

15 F.v«TnT.1e 37 . Synthesis of 4-[[(2.6-dichlorophenyl)carbonyl]aminol-N-[ll- 
(phenyhnethyDcyclopentyllcarbonyll-L-phenylalanine 

4.Amino-N-[Il-(phenyhnethyl)cyclopentyllcarbonyll-L-phenylalanine methyl 
ester (67 mg, 0.176 mmol) and 2,6-dichlorobenzoyl chloride (50 mg. 0.23 mmol) 
were dissolved in 5 mL of dichloromethane and 2.6-lutidine (50 pL. 0.43 mmol) 
20 were added. After 4 hours, the mixture was diluted with ether and 

dichloromethane and washed with 1 N HCl, water, and saturated NaHC03 
and was dried (MgS04). The crude product was dissolved in 4 mL of methanol 
and treated with 4 N NaOH (0.1 mL). After 2 hours, the excess base was 
quenched with 0.1 mL of acetic acid, the solution was filtered through a 0.2 p 
25 nylon filter and the filtrate was purified by RP-HPLC on a 4 x 30 cm C- 
18 column using a gradient of 5 to 95% acetomtrile:water containing 0.75% 
trifluoroacetic add at a flow of 49 mUmm over 30 min. The peak elutmg at 87 

% acetonitrile was concentrated and lyophilized to give 4-[l(2,6. 
dichlorophenyl)carbonyl]aminol-N-lll-(phenyhnethyl)cyclopentyllcarbonyll-L- 

30 phenylalanine (46 mg), LR(+)LSIMS : m/z 539 (M+H) (2 CI) 
ExaniEle-38. Synthesis of N-Ill-l(4- 

methoxyphenyl)methyl]cyclopentyllcarbonyll-4-nitro-L-phenylalanme methyl 
ester. 

A solution of l-(4-methoxy)benzylcyclopentane carboxyUc acid (0.0.20 g. 0.86 
35 mmol), 4-nitro.L.phenylaIanine methyl ester (0.24 g. 0.94 mmol), and HBTU 
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(0.36 g, 0.94 mmol) in 3 mL of DMF was treated with 0.52 mL (3 nunol) of 
diisopropylethylamine. The mixture was stirred over night, concentrated, 
diluted with ethyl acetate, washed with water, 1 N HCl, water, saturated 
NaHC03 and dried (MgS04). The residue obtained after evaporation was 
5 purified by chromatography over 30 g of siUca gel, eluting with 40% ethyl 
acetate:hexane to give N-I[l-I(4-methoxyphenyl)mfithyllcyclopentyllcarbonyl]- 
4-nitro-L-phenylalanine methyl ester (256 mg, 68%), as a white foam. HR- 
FAB-MS: Obs mass, 441.2027. Calcd mass, 441.2025 (M+H). 

F.vaTnple 39 . Synthesis of 4-amino-N-l[l-((4- 
10 methoxyphenyl)methyl]cyclopentyllcarbonyll-L-phenylalanine methyl ester 

A solution of N-[[l-l(4-methoxyphenyl)methyllcyclopentyl]carbonyl]-4-nitro-L- 
phenylalanine methyl ester (253 mg, 0.575 mmol) in 10 mL of ethanol was 
hydrogenated at atmospheric pressure over 45 mg of 10% Pd(C) for 3 hours. 
The reaction mixture was filtered through a pad of ceUte and evaporated to 

15 dryness to give 4-amino-N-I[l-[(4- 

methoxyphenyl)methyllcyclopentyl]carbonyl]-L-phenylalanine methyl ester 

(225 mg, 95%) as a white soUd suitable for use in the next step, HR-FAB-MS: 
Obs mass, 410.2196. Calcd mass, 410.2200 (M+). 

TCvamole 40 . Synthesis of N-[[l-t(4- 
20 methoxyphenyl)methyl]<ydopentyl]carbonyll-4-I(4-quinolinylcarbonyl)amino]- 

L-phenylalanine. 

A solution of 4-amino-N-[[l-l(4-methoxyphenyl)methyl]cyclopentyllcarbonyll- 
L-phenylalanine methyl ester (30.7 mg, 0.075 mmol), quinoline-4-carboxylic 
acid (17 mg, 0.10 mmol), and HBTU (38 mg, 0.10 mmol) in 1 mL of DMF was 

25 treated with diisopropylethylamine (30 pL, 0.17 mmol). The mixture was 
stirred over night and was dUuted with 15 mL of ethyl acetate and 10 mL of 
ether and was washed with water (2 x 10 mL), saturated NaHC03 (1 x 10 mL) 
and was dried (MgS04). CJoncentration gave 42 mg which was dissolved in 3 
mL of methanol. Sodium hydroxide (0.10 mL, 4 N, 0.4 mmol) was added and 

30 the mixture was stirred for 2 hours. The excess base was quenched by addition 

of acetic acid (0.1 mL), the solution was filtered through a 0.2 p nylon filter 

and the filtrate was purified by RP-HPLC on a 4 x 30 cm Rainin C-18 column 

using a gradient of 5 to 95% acetonitrile:water containing 0.75% trifluoroacetic 

acid at a flow of 49 mL^min over 30 min. The peak eluting at 74% acetonitrile 

35 was concentrated and lyophilized to give N-([l-[(4- 

methoxyphenyl)methyl]cyclopentyl]carbonyll-4-I(4-quinolinylcarbonyl)aminol- 
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L-phenylalanine (22.8 mg), HR-FAB-MS: obs. mass 552.2482. Calcd. mass 
552.2498 (M+H). The peak eluting at 82.6 % acetonitrile was recovered N-lIl- 
K4-methoxyphenyl) methyllcyclopentyl]carbonyl]-4- [(4- 

quinolinylcarbonyl)amino]-L-phenylalanine methyl ester (11.2 mg), HR-FAB- 
5 MS: obs. mass 566.2675. Calcd. mass 566.2655 (M+H). 

T?.-raT»p1ft 41 . Synthesis of N-I[l-[(4- 
methoxypheiiyl)methyllcyclopentyl]carbonyl]-4-[[(2- 

nitrophenyUcarbonyllaiBmol-L-phenylalanine. 

4.Amino-N-I[l-l(4-metho^henyl)methyllcyclopentyl]carbonyl]-L- 
10 phenylalanine methyl ester (32.3 mg, 0.079 mmol) and 2-mtrobenzoic acid (17 
mg, 0.10 mmol) were reacted as described in example 40 to give 22 mg of N- 
[[1- [(4-methoxyphenyl)methyI] cyclopentyllcarbonyl]-4- [1(2- 
nitrophenyl)carbonyl]aminol-L-phenylalanine, HR-FAB-MS: obs. mass 
546.2235. Calcd. mass 546.2240 (M+H). 

15 Example 42 . Synthesis of N-l[l-l(4- 

inethoxyphenyl)methyllcyclopentyllcarbonyll-4-[l(2-methyl-5- 

nitrophenyl)carbonyl]aminol-L-phenylalanine. 

4-Amino-N-[ll-I(4-methoxyphenyl)methyl]cyclopentyllcarbonyl]-L- 
phenylalanine methyl ester (23.4 mg, 0.057 mmol) and 2-methyl-5- 
20 nitrobenzoic acid 13 mg, 0.07 mmol) were reacted as described in example 40 
to give 23 mg (69%) of N-[Il-[(4-methoxyphenyl)methyllcyclopentyllcarbonyll- 
4-[[(2-methyl-5-nitrophenyl)carbonyl3aminol-L-phenylalanine, HR-FAB-MS: 

obs. mass 560.2413. Calcd. mass 560.2397 (M+H). 

y.vam plft 43 , Synthesis of 4-l[(2.6-dichlorophenyl)carbonyllaminol-N-lIl-I(4- 
25 methoxyphenyl)methyllcyclopentyllcarbonyl]-L-phenylalanine. 

4-Amino-N-l[l-I(4-methoxyphenyl)methyl]cyclopentyl]carbonyl]-L- 
phenylalanine methyl ester (66 mg, 0.17 mmol) and 2,6-dichlorobenzoyl 
chloride (50 mg, 0.23 mmol) were dissohred in 5 mL of dichloromethane and 
2,6-lutidine (50 pL, 0.43 mmol) were added. After 4 hours, the mixture was 

30 diluted with ether and dichloromethane and washed with 1 N HCl, water, and 
saturated NaHC03 and was dried (MgS04). The crude product was dissolved 
in methanol (4 mL) and treated with 4 N NaOH (0.1 mL). After 2 hours, the 
excess base was quenched with acetic acid (0.1 mL). the solution was filtered 
through a 0.2 n nylon filter and the filtrate was purified by RP-HPLC on a 4 x 

35 30 cm Rainin C-18 column using a gradient of 5 to 95% acetonitrile:water 
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containing 0.75% trifluoroacetic acid at a flow of 49 mL/min over 35 min. The 
peak eluting at 79 % acetonitrile was concentrated and lyophiUzed to give 4- 
[[(2,6-dichlorophenyl)carbonyllaminol-N-[Il-[(4- 

methoxyphenyl)methyl)cyclopentyllcarbonyl]-L-phenylalanine (28.2 mg), HR- 
5 FABMS: obs. mass 591.1445. Calcd. mass 591.1430 (M+Na). 

Ti'.vi.m plfi 44 . Synthesis of 4-l[(2,6-dichlorophenyl)carbonyl]amino]-N-[(l,l- 
dimethylethoxy)carbonyll-L-phenylalanine methyl ester 

To a solution of 4-(amino>N-l(l,l-diniethylethoxy)carbonyll-L-phenylalanine 
methyl ester (2.6 g, 8.6 mmol) in dichloromethane (20 mL) were added 

10 diisopropylethylamine (2.3 mL, 13 mmol) followed by 2,6-dichlorobenzoyl 

chloride (1.99 g, 9.5 mmol) at room temperature. The mixture was stirred for 
15 h at which time a white precipitate was formed. The mixture was diluted 
with 30 mL of dichloromethane and 50 mL of water. The layers were 
separated and the aqueous layer was extracted with 100 mL (2 x 50 mL) of 

15 dichloromethane. The combined organic extracts were washed with brine and 
dried over anhydrous magnesium sulfate. Filtration and concentration of the 
solvent gave 4.03 g (quantitative) of 4-[[(2,6-dichlorophenyl)carbonyl]amino]- 
N-l(l,l-dimethylethoxy)carbonyll-L-phenylalanine methyl ester as a white 
soUd, mp 148-151 "C. 

20 TT-vAmple 45 . Synthesis of 4-[[(2,6-dichlorophenyl)carbonyl]amino]-L- 
phenylalanine methyl ester hydrochloride salt 

4-tl(2,6-Dichlorophenyl)carbonyl]aminol-N-I(l,l-dimethylethoxy)carbonyll-L- 

phenylalanine methyl ester (1.86 g, 4.0 mmol) was treated with 4 N 
hydrochloric add in dioxane (10 mL) at room temperature. After 5 minutes, 

25 the solids went into solution and the mixture was stirred for 1 h. Then, 25 mL 
of ethyl ether was added to precipitate the product. The sohds were collected 
by filtration and washed with hexane. The resulting soUd was very 
hydroscopic and became gummy. This material was dissolved in 50 mL of 
methanol and concentrated. After drying imder high vacuum, 4-11(2,6- 

30 dichlorophenyl)carbonyl]amino]-L-phenylalanine methyl ester hydrochloride 
salt. (1.64 g, 97%) was obtained as a light yellow soUd: mp 158-161 "C. 

Tr.^«mn1e46 . Synthesis of 4-[[(2,6-dichlorophenyl)carbonyllaminol-N-l[l-(4- 
methoxyphenyl methyl)cyclohexyllcarbonyll-L-phenylalanine methyl ester. 

To a solution of 4-[[(2,6-dichlorophenyl)carbonyllaminol-L-phenylalanine 
35 methyl ester hydrochloride salt (0.2 g, 0.5 mmol) and l-(4- 
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T^re liiei HBTO (0.23 g. 0.60 mmoB and diisopropytathyUi>^e^20 
1^ 2 Lol) atroomtemp^ature. The »=«t„« was stirred ovenu^«>d 
^'ted with 25 no. of ethyl acetate. The ethyl aceU>t. lay« w^ 
. — ,ywith0.5Nhydjo^ne^^^^^^ 

which was purified hy column chromatography over 15 g of sihca gel. elutmg 
with 20-30% ethyl acetate in hexane to give 4-11(2,6- 
10 dichlorophenyl)carbonyl]aminol-N-[[l-(4- «.*v,vl ester 

methoxyphenylmethyl)cyclohexyllcarbonyl]-I.phenyla^^ 
^.25 ^% ) as a white soUd, mp 85-87 "C. HR MS: Obs mass. 597.1913. 
Calcdmass, 597.1923 (M+H). 

E^,^^. Synthesis of 4.l[(2,6-dichlorophenyl)carbonyl]amino]-N.l[l-(4- 
l5 xnethoxyphenylmethyDcyclohexyllcarbonyll-L-phenylalanme. 

To a suspension of 4-[I(2,6-dichlorophenyl)carbonyl]axnmol-N-[ll-(4^^ 
n^etho JThenyl -thyl)cyclohe^l]carbonyll-I.phenylalamne m^ 
(0 15 gXs tnmol) in ethanol (2 mL) was added aqueous 1^0 N 
hyLide (1.5 mL, 3 mmol) at room temperature. The ^^J^^ 
.0 50-Candt^eresultingclearsoIuti^was^^je^^^^ 
concentrated, the residue was dUuted with 6 mL of water ana 

S I of e..^ to remove any neutral impurities. Th-O— 
acidified with 1 N HCl and the precipitaUd wMte w"-"-^ ^ 
filtration and washed with water (20 mL) and hexan. (20 mL). After air 
^ Slm2,6KBchlorophenyl).arhonyll.min.l-N.ttW*-n««^^ 

S)^y«lc.rbonyll-L.pheoyl.l-ine (0.12 g, 82%) was obtamed as a 
Xt «Ii.mpVl40-C.HRMS:Obsmass, 683.1763. Calcd mass. 

583.1766 (M+H). 

1.^,^.1.. 4« to 60. The compounds shown below were prepared according to 
30 the procedures given in examples 46 and 47. 
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Example 1 


Starting 
Material 

Prom 
Example 


R 


Yield 

% 


HBMS( 
calcd. 


M+H) 1 
obs. 1 


48 


20 




92 


621.1784 


621.1758 


49 


commerci 1 
al 




93 


517.1297 


517.1285 


50 


25 


N CHa 


89 


635.1940 


635.1967 


51 


17 




84 


573.1114 


573.1113 


52 


16 


CH3</ \__/ 


99 


569.1610 


569.1620 


53 


18 


1 ^ 


91 


586.1277 


586.1285 


54 


19 


CHaO-Q— 


87 


599.1715 


599.1714 


55 


21 




91 


621.1784 


621.1782 
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69 



56 


401 




95 


607.1627 


607.1644 


57 


1 K 




80 


607.1627 


607.1640 


58 


4 






f^lft 12)62 


518.1345 


59 


22 


o 


93 


507.1454 


507.1464 


60 


23 


CH3O— 

0 


99 


493.1297 


493.1300 



F.xRiTiple 61 . Coupling of N-[(9H-fluoren-9-ylmethoxy)carboiiyl]-4-[l(2- 
propenyloxy)carbonyllaminol-L-phenylalamne to Wang resin 



10 



H 

o 




Wang resin 




A 250 mL cylindrical glass vessel equipped with a coarse glass frit was 
charged with 10 g of Wang resin, aoading factor: 1.15 mmol/g, 300 mesh). The 
resin was washed with dichloromethane (2x100 mL), methanol (2x100 mL) 
and dimethylformamide (2x100 mL). To the swollen resin was added N-K9H- 
fluoren-9-ylmethoxy)carbonyll^l[(2-propenyloxy)carbonyllaminol-L- 

phenylalanine (11.2 g, 23 mmol) and 2,6-dichlorobenzoyl chloride (8.06 mL. 
57.5 mmol) in N-methylpyrroUdone (70 mL) and the mixture was agitated for 
30 minutes. Pyridine (6.45 mL, 80.5 mmol) was added and the resulting 
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xnixture was agitated for 24 hr. The substitution was determined to be 0.75 
mmol of N-I(9H-fluoren-9-ylmethoxy)carbonyl]-4-l[{2- 
propenyloxy)carbonyl]amino]-L-phenylalanine per gram of resin by 
quantitative UV measurement of the fmoc present on the resin. 
6 E^BEdfi.fi2. Synthesis of 4-amino-N-I(9H-fluoren-9-yhnethoxy)carbonyll-L- 
phenylalanine on Wang resin 

A 500 mL cylindrical glass vessel equipped with a coarse glass frit was 
charged with N-[(9H-fluoren-9-yhnethoxy)carbonyll-4-[I(2- 
propenylo:gr)carbonyllaminol-L-phenylalanine substituted Wang resm (10 g, 
10 7.5 mmol) obtained from Example 61 and a solution prepared from 

bis(triphenylphosphine)palladium dichloride (1.6 g, 2.3 mmol) and acetic acid 
(5 mL, 83 mmol) in dried dichloromethane (150 mL). The resulting mixture 
was agitated for 30 minutes followed by the addition of tri-n-butyl tm hydride 
(20 mL, 74.3 mmol). The resulting mixture was agitated for 1 hr. To the 
15 mixture was added tri-n-butyl tin hydride (10 mL, 37 mmol). Agitation was 
continued for 1 hour and tiie mixture was filtered. To the resulting resm was 
added a solution prepared from bis(triphenylphosphine)palladium d^^^^o™ 
(1 6 g 2.3 mmol) and acetic acid (5 mL. 83 mmol) in dry dichloromethane (150 
mL) The mixture was agitated for 30 minutes foUowed by tiie addition of to- 
20 n-butyl tin hydride (20 mL, 74.3 mmol). The resulting mixtiire was agitated 1 
hour. To the mixture was added additional tari-n-butyl tin hydride (10 mL, 
37.15 mmol). Agitation was continued for 1 hour. After tiie second 
deprotection cycle, the mixture was washed witii dichlorometiiane (2 x 100 
tnL) metiianol (2 x 100 mL) and dimethylformamide (2 x 100 mL) to give 4- 
25 amino-N-[(9H-fluoren-9-yhnetiioxy)carbonyl].L-phenylalanine on Wang resm 

suitable for use in subsequMit steps. 

IsaaSEleM. Syntiiesis of 4-l(4-quinolmylcarbonyl)aminol.L-phenylalanine on 
Wang resin 

A 250 mL cylindrical glass vessel equipped with a coarse glass frit was 
30 charged witii 4-amino.N.l(9H-fluoren-9-yhnetiioxy)carbonyll-L-phenylalamne 
(10 g) obtained in Example 62 and a solution prepared from qumoline-4. 
carboxylic acid (5.2 g, 30 mmol), BOP (13.75 g. 30 mmol) and 
diisopropyletiiylamine (6.8 mL) in 70 mL of N-metiiylpyrroUdinone. The 
slurry was agitated for 4 hr. The mixhire was filtered and washed witii 
35 dichlorometiiane (2x100 mL), methanol (2x100 mL) and dimethylformamide 
(2x100 mL). To tiie washed resin was added a solution of 25% piperidme m N- 
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methylpyrroUdinone (80 mL). the mixture was agitated at room temperature 
for 20 minutes and filtered. The process was repeated and the resultmg slimy 
was filtered and washed with dichloromethane (2x100 mL), methanol (2x100 
mL) and dimethylformamide (2x100 mL). FUtration afforded 4-1(4- 
quinolinylcarbonyl)amino]-L-phenylalanine on Wang resin suitable for use m 

the next step. 

Ex^EleJ4. Synthesis of N-l(2,2-dichloro-l-methylcyclopropyl)carbonyll-4.t(4. 
quinolinylcarbonyl)aminol-L-phenylalanine 



10 4-[(4.QuinoUnylcarbonyl)amino]-L-phenylalanine on Wang resm (300 mg) 
obtained fi-om Example 63 was washed with dichloromethane (2x10 mL), 
nxethanol (2x10 mL) and dimethylformamide (2x10 mL). To the resin was 
added a solution prepared from 2,2-dichloro-l-methylcyclopropylcarboxyhc 
add (180 mg, 1.02 mmol), BOP (450 mg, 1.02 mmol) and 

15 diisopropylethylamine (0.23 mL) in 4 mL of N-methylpyrrolidinone at room 
temperature. The resulting mixture was agitated for 2 hours. The reaction 
mixture was then filtered and washed with dichloromethane (2x10 mL). 
methanol (2x10 mL) and dichloromethane (2x10 mL). Cleavage was effected 
with 90% trifluoroacetic acid (TFA) in dichloromethane for 5 mmutes. I^ie 

20 mixture was filtered and the TFA was removed under high vacuum. Addition 
of ether (25 mL) effected precipitation of N-[(2,2-dichloro-l- 
methylcyclopropyl)carbonyll-4-[(4-quinolinylcarbonyl)aminol-I^ph«iylal^^^ 

The compound was purified by reverse phase HPLC (DuPont, Rx C18, 7 ^M. 
2.12 cm X 25 cm) using acetonitrile and water as the mobile P^^^^^^ 
25 linear gradient from 20-50% of acetonitrile over 180 minutes. LRMS (M+H) 
obs. mass, 486.5. Calcd. mass 486.3. 

T^.^.Tn pl^a65-81 . Using the procedure described in Example 64, the 
compoxmds shown below were prepared. 




Example 



R 
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L_rcH3 
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73 
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75 
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T?.ypTn ples 82 to 106 . Using the method described in examplei 
following derivatives were prepared: 




Esample 


Y 




82 






83 




O CI 

^tC6 
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1 95 


CH30-(J-^ 


O CI 


96 


o 




97 


CHaO-Q-^ 


T 
NOg 


98 






99 


Hod 
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100 






101 






102 


U 




103 
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O CI 

■06 


104 
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105 


CH3Q 




WLtf\ 


106 


CHaQ 







F-vflTTi plft in7 . Synthesis of N-[(l,l-dimethylethoxy)carbonyl]-4-[[(9H-fluoren-9- 
ylmethoxy)carbonyllaminol-L-phenylalanine phenylmeihyl ester 

N-l(l,l-Dimethylethoxy)carbonyl]-4-[[(9H-fluoren-9- 

5 ylmethoxy)carbonyl]aimno]-L-phenylalanme (5.02 g, 10 mmol) and benzyl 
bromide (3.5 mL, 29 mmol) were stirred in DMF (25 mL) over KHC03 (1.75 g, 
17.5 mmol). After 18 hr, a white precipitate had formed. Most of the DMF was 
evaporated under reduced pressvire, the residue was taken up in 100 mL of 
dichloromethane and was washed with water (2 x 50 mL). Most of the 

10 dichloromethane was evaporated and ether (100 mL) was added to precipitate 
the product. Filtration, washing with ether afforded N-[(l,l- 
dimethylethoxy)carbonyl].4-[[(9H-fluoren-9-yhnethoxy)carbonyl]amino]-L- 

phenylalanine phenyhnethyl ester (5.3 g), mp 186-187 "C. 

F-yflmple lOR . Synthesis of 4-amino-N-[ll-t(4- 
15 metho^henyl)methyllcyclopen1yl]carbonyll-L-phenylalanine 

4-Amino-N-[Il-[(4-methoxyphenyl)methyllcyclopentyllcarbonyl]-L- 
phenylalanine methyl ester (280 mg, 0.68 mmol) in THF (12 mL) was treated 
with a solution of Uthium hydroxide hydrate (100 mg, 2.4 mmol) in water (2 
mL) and the mixture was stirred for 3 hr. The mixture was concentrated and 
20 the residue was acidified with 6 H HCl to give a white sticky solid. Trituration 
with water and drying under high vacuum afforded crude 4-amino-N-[[l-[(4- 
methoxyphenyl) methyllcyclopentyllcarbonyll-L-phenylalanine (200 mg) 
suitable for use in the next step. 



TCxamnle 109 . Synthesis of 4-(2,3-dihydro-l,3-dioxo-lH-pyrrolo[3,4-c]pyridux-2- 
25 yl)-N-[ll-[(4-methoxyphenyl)methyllcyclopentyl]carbonyll-L-phenylalanine 
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A solution of 4-amino-N-[Il-[(4-methoxyphenyl)methyl]cyclopentyl]carbonyl]- 
L-phenylalanine (98 mg, 0.23 mmol), DDPEA (30 }iL, 0.23 mmol) and 3,4- 
pyridinedicarbo^lic acid anhydride (114 mg, 0.77 mmol) in dichloromethane 
(10 mL) was stirred 18 hr at room temperatm^. The mixture was concentrated 
5 to remove most of the dichloromethane and the residue was taken up in DMF 
(3 mL). Carbonyl diimidazole (103 mg, 0.64 mmol) was added to the resiilting 
solution and the reaction was allowed to proceed for 18 hr. The resulting 
mixture was purified directly by RP-HPLC on a 4 x 30 cm Rainin C-18 coliman 
using a gradient of 5 to 95% acetonitrile: water containing 0.75% trifluoroacetic 
10 acid at a flow of 49 mTymiTi over 35 min. The peak eluting at 45.6 % 

acetonitrile was concentrated and lyophilized to give 4-(2,3-dihydro-l,3-dioxo- 
lH-pyrrolo[3,4-c]pyridin-2-yl)-N-[[l-I(4- 

methosyphenyl)methyl]cyclopentyl]carbonyl]-L-phenylalanine (28 mg) HR 
FABMS: obs. mass 528.2146. Calcd. mass 528.2134 (M+H). 

15 Example 110 , Synthesis of 4-(l,3-dioxD-2H-isoindol-2-yl)-N-[[l-[(4- 

methoxyphenyl)methyl](7clopen1yl]carbonyl]-L-prolyl]-Lr-phenylalanine 

Using the procedure described in example 109, starting with phthalic 
anhydride, 4.(l,3-dioxo-2H-isoindol-2-yl)-N-[Il-[(4- 

methoxyphenyl)methyl]cyclopentyllcarbonyll-L-prolyl]-L-phenylalanme was 
20 obtained, HR FABMS: obs. mass 527.2172. Calcd. mass 527.2182 (M+H). 

Example 111 . Synthesis of 4-I(RS)-2,3,5,6,7,7a-hexahydro-l,3-dioxo-lH- 
pyrrolo[3,4^]pyridin.2-yll-N-[[l-[(4- 

methoxyphenyl)methyl}cyclopentyl]carbonyl}-L-phenylalanine and N-[[l-[(4- 
methoxyphenyl)methyllcyclopentyllcarbonyl]-4-[(3aRS,7aRSMoctahydro-l,3- 
25 dioxo-lH-pyrrolo[3,4-c]pyridin-2-yl)]-Lr-phenylalanine 

A solution of 4.(2,3-dihydro-l,3-dioxo-lH.pyrrolo[3,4-clpyridin.2-yl)-N-[[l-[(4- 
methoxy-phenyl)methyl]cyclopentyl]carbonyl]-Lrphenylalanine (30 mg, 0.057 
mmol) in ethanol (4 mL) containing a few drops of TEA was hydrogenated over 
10% Pd(C) (6 mg) for 18 hours. The naixture was filtered and evaporated and 

30 the residue was purified by RP-HPLC on a 4 x 30 cm Rainin C-18 colimm 

using a gradient of 5 to 95% acetonitrilerwater containing 0.75% trifluoroacetic 
acid at a flow of 49 mTymin over 35 min. The peak eluting at 59.5 % 
acetonitrile was concentrated and mixture was lyophilized to give N-[[l-[(4- 
methoxyphenyDmethyl] cyclopentyl]carbonyl]-4-[(3aRS,7aRS)-(octahydro-l,3- 

35 dioxo-lH-pyrrolo[3,4-c]pyridin-2-yl)l-L-phenylalanine (4.2 mg), HR FABMS: 
obs. mass 534.2602. Calcd. mass 534.2604 (M+H). The peak eluting at 62% 



PCT/EP98/05144 

WO 99/10313 

acetonitrile was concentrated and the mixture lyophilzed to give 4-[(RS)- 
2,3,5,6,7,7a-hexahydro-1.3-dioxo-lH-pyrrolo(3,4-clpyridin-2-yll-N-Ill-[(4- 

methoxyphenyl) methyllcyclopentyl]carbonyll-L-phenylalanine (4.9 mg), HR 
FABMS: obs. mass 532.2452. Calcd. mass 532.2447 (M+H). 
5 T?^*»iTiple 112 . Synthesis of 4-[K2,4,6-trimethylphenyl)sulfonyl]amino]-L- 
phenylalanine on Wang resin 

4.Amino-N-[(9H-fluoren.9-ylmethoxy)carbonyl]-L-phenylalanine on Wang 
resin (3.0 g, 2.28 mmol) obtained from Example 62 was suspended in pyridine 
(15 mL), the slurry was cooled to 0 "C and 2,4.6-trimethylphenylsulfonyl 

10 chloride (2.49 g, 11.4 mmol) was added. The resulting mixture was agitated for 
2 hr. The mixture was filtered and washed with dichloromethane and 
methanol. The coupUng procedure was repeated. The resulting resin was 
treated with 25% piperidine in N-methylpyrroUdinone (2 x 15 min) and was 
washed with dichloromethane and methanol to give 4-[I(2,4,6- 

15 trimethylphenyl)sul£bnyl]amino]-L-phenylalanine on Wang resin. 

Tr.v»Tnnle 113. Synthesis of N-[(2.2-dichloro-l-methylcydopropyl)caiix)nyl]-4- 
[l(2,4,6-trimethylphenyl)carbonyllamino]-L-phenylalanine. 

4-l[(2,4,6-Trimethylphenyl)sulfonyl]amino]-L-phenylalanine on Wang resin 
(0 30 g 0 23 mmol), 2,2-dichloro-l-methylcyclopropane carboxylic acid (0.19 g, 

20 1.14 minol), BOP ((0.50 g, 1.14 mmol) and DIPEA (0.26 mL, 1.5 mmol) in N- 
methylpyrroUdinone (3 mL) was agitated for 3 hr. The mixture was filtered 
and the resin was washed with dichloromethane and methanol and was anr 
dried. Treatment with 90% TFA in dichloromethane for 3 min effected 
cleavage from the resin. The mixture was filtered, the filtrate was 

25 concentrated and lyophilized from water to give N-l(2,2-dichloro-l- 

methylcyclopropyl)carbonyll-4-l[(2.4,6-trimethylphenyl)carbonyl]anunol-L- 

phenylalanine as a white solid. 

V.v«mnlell4 . Synthesis of N.[[l-(4-methoxyphenyl)cyclohexyllcarbonyll-4. 
[l(2,4,6-trimethylphenyl)sulfonyl]aminol-L-phenylalanine 

30 N-lll-(4-methoxyphenyl)cyclohexyl]carbonyll-4-l[(2,4,6- 

trimethylphenyl)sulfonyllamino]-L-phenylalanine was prepared using the 
procedure described in Example 113, starting with l-(4- 
metho^henyDcydohexane carboxylic acid. 



•I 
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Example 115. Synthesis of N-[(l-adainantyl)carbonyll-4-[l(2,4,6- 
trimethylphenyl)sulfonyllaminol-L-phenylalaiuiie. 

N-[(l-Adainantyl)carbonyl]-4-[l(2A6-triinethylphenyl)8ulfony« 
phenylalanine was prepared using the procedure described in Example 113. 
5 starting with 1-adamantane carlMnqrlic acid. 

^^am ple 116 . Synthesis of 4-l[(4-cyano-4-phenyl-l- 
piperidinyl)carbonyllaminol-L-phenylalanine on Wang resin 

o 

4-Amino-N-[(9H-fluoren-9-ylmethoxy)carbonyll-L-phenylalanine on Wang 
resin (300 mg, 0.228 mmol) obtained from Example 62 was placed in a vessel 
fitted with a glass frit and was washed with dichloromethane (2 x 10 mL). 
methanol (2x10 mL) and dichloromethane (2 x 10 mL). To the resin was 
added carbonyl dihnidazole (0.22 g. 1.4 mmol) and triethylamine (0.38 mL, 
2.7 imnol) in 3 mL of dichloromethane. The mixture was agitated over mght. 
The mixture was then filtered and washed with dichloromethane (3x5 mL). 
To the resin was added 4-cyano-4-phenyipiperidine hydrochloride (0.25 g. 1.14 
mmol) and DMAP (0.14 g. 1.14 mmol) in 3 mL of N-methylpyrrohdinone. The 
resulting mixture was agitated for 3 hours. The reaction mixture was then 
filtered and washed with dichloromethane (2 x 10 mL). methanol (2 x 10 mL). 
dimethylformamide (2 x 10 mL) and methanol (2 x 10 mL). Cleavage of the 
Fmoc group was effected with 25% piperidine in N-methylpyrrolidinone (2 x 15 
min to give 4-[l(4-cyano-4-phenyl-l-piperidinyl)carbonyllaminol-L- 

phenylalanine on Wang resin. 
K^tample 117 . Synthesis of 4-[l(4-cyano-4-phenyl-l- 

piperidinyl)carbonyllamino]-N-[(2.2-dichloro-l-methylcyclopropyl)carbonyll-I- 
phenylalanine 

A suspension of 4-[[(4-cyano-4-phenyl-l-piperidinyl)carbonyl]aminol.L. 
phenylalanine on Wang resin (0.30 g, 0.228 mmol), 2.2.dichloro-l- 
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u m 19 e 1 14 mmol). BOP (0.50 g, 1.14 

H^tixylcydopropane carboylxc aad ^"^fj'^'^^^ ^ ^^one (3 roL) was 
nunol) and DIPEA (0.26 mL, 1.5 xnmol) - ^^^^^^^^^ dichloroxnethane 
agitated for 3 hr. The mixture was filtered ^nd washed w^ 
L methanol. Cleavage from the resin was effected 
, TFAindicMoromethanefor3nnn.The.^^^ 

evaporated to give ^^^^^^^'^^^^'Z '^^""^^ MS m/z 

l(2>dichloro-l-methylcyclopropyl)carbonyll-I^phenylalanme * Ai^ 

543 (M+H). 

^..^.i^m^. Uring Uxe procedure, described in E^mples X16 «>d 
10 117, the following compounds were prepared. 




Example 


Y 


X 


118 




CN 


1 119 




CN 


1 120 




CN 


j 121 






122 


1"^ 


CN 



E,,,,,^. GeneralProceduretett^prep^atien of ethyl eetersfh^ 
rol»tttuted.N-acyl-L-pl«i>ylal>'>i"= derivatives. 
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To a suspension of N.(a^l)-4-l(aroyl)anunol-I.phenylala^^ nnx^) 
^wderd sodium bicarbonate (4.2 g. 50 znxnol) in DMF (75 mL) 
Less iodoethane (7.8 g. 50 nnnol) at room temperature. The resultmg 
suspension was stirred until TLC analysis of the mixture mdicated the 
5 aX'ofstaringmaterial. typically 20b. Theexcessiodoet^^^^ 

DMF was removed on a rotary evaporator under vaccum Tlje residu^^^^^^^ 

diluted with 100 mL of ethyl acetate and washed successively x 
marine solution (70 mL) and dried over MgS04^.tration^he d^g 
agent ^d removal of the solvent afforded a residue which was punfied by 
10 crystallization or siKca gel chromatography. 

E^S^El^. Wang resin linked N-Ul-(2-meihoxyethyl)cyclopentyl]carbonyll. 
4-nitro-L-phenylalanme 

A mixture of Wang redn lixtoiN-Fmoc^nitro-L-phenj^ataMBe (2 30 g, 1.36 

« shaken for 30 -ninutesat room temperature. Solvent filtered U«ugh 
stoteredftmnel. Wi«> resto atUl on the ftmnel, another 27 mL of 
piperidine in KMP was added and the suapeneion waa aUowed to ^ at 
^temperature for 30 minutea. After removal of the soWent 1^ fflt»t»n, 
Te^rwaa then -ashed ^th dichloromea^e. DMF. iaopropyl alcohol. 

20 dichloromethanesequentiany and was dried under vaccume. 

The ahove ream was placed toto a 50 mL round bottom flask 'T*^^.^^ 
of NMP. To it was added, l-<2.metho.,ethyl)cyclopent^ "^IbOT 
mg, 5.4 mmol). diisopropylethylamtoe (DIEA, 1.3 mL, '■*^^^Z, 
reLnt (2.4 g. 5.4 mmol). Eeactten was shaken overmght. A smaU ahquot 

amine. Ream was coUected by filtration and was washed ^ 
dichloromethane. DMF, iaopropyl alcohol, dichloron«,aan. «id dr«d under 

reduced pressure to give 1.97 g of Wang resto linked N-U1-C2- 
metho:^thyl)cyclopentyllcarbonyll-4-nitro.L-phenyialamne. 

30 B«,,,.ri^.SynthesisofWangresmlinl^4.amino.N4lW2-met^ 
cyclopentyllcarbonyll-L-pbenylalanine. 

In a 20 mLscintilUtion vial was placed Wang resin linked N-l[M^^ 
methoxyethyl)cyclopentyllcarbonyl]^nitro-L-pbenylalamne^ 
nunol)^da2MsolutionofSnC12.2H20inDMF(8mL). The reaction 
35 ^wasshakenovemightatroomtemperature.Theresmwascollected 
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by filtration and was washed with DMF, isopropyl alcohol, dichloromethane. 
and Et20 to give Wang resin linked 4-amino-N-lll-(2- 

methoxyethyl)cyclopentyl]carbonyl]-L-phenylalanine (2.21 g). A small sample 
was cleaved from the resin with 50% TFA/dichloromethane and was analyzed 
5 by ESPMS which showed presence of product but no starting material, m/z 
335 (M+H). 

Tr.^«mnle 126 . Synthesis of Wang resin liked 4-[((2R)-2-amino-4-methyl-l- 
oxopentyl)amino]-N-[[l-(2-methoxyethyl)cyclopentyl]carbonyll-L- 

phenylalanine. 

10 In a 20 mL scintillation vial was placed Wang resin Unked 4-amino-N-[[l-(2- 
methoxyethyl)cyclopentyl]carbonyll-L-phenylalanine (200 mg. 0.118 mmol). 
Fmoc-D-Leu-OH (201 mg. 0.571 mmol), DIEA (164 uL, 0.95 mmol), HBTU 
(360 mg, 0.95 mmol) in DMF (5 mL). The reaction mixture was shaken 
overnight at room temperature. The resin was filtered and washed with DMF, 

15 isopropyl alcohol, dichloromethane. A Kaiser test was negative for amme. 

The resin obtained above was treated with 5 mL of 25% piperidine in NMP for 
45 minutes at room temperature. After it was filtered throu^ sintered fiumel 
and washed with DMF, the resin was re-suspended in 5 mL of 25% 
piperidine/NMP in the fiinnel and was allowed to stand for 15 minutes at room 
20 temperature. This process was repeated once more and the resrn was then 
washed with DMF, isopropyl alcohol, dichloromethane. Wang resm linked 4- 
[((2R)-2-amino-4-methyl-l-oxopentyl)aminol-N-[(l-(2- 

methoxyethyl)cyclopentyl]carbonyl]-L-phenylalanine (215 mg) was obtained. 

Example 127. Synthesis of Wang resin linked 4-[(2S.4R)-3-acetyl-4.(2- 
25 methylpropyl)-5-oxo-2-phenyl-l-imidazolidinylJ-N-I[l-(2- 

methoxyethyl)cyclopentyllcarbonyll-L-phenylalanine and Wang resin linked 4- 
[(2R,4R)-3-acetyl-4-(2-methylpropyl)-5-oxo-2-phenyl-l-iimdazoHdinyll.N-ltl-(2- 

methoxyethyl)cyclopentyllcarbonyl]-L-phenylalanine. 
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0.59 mmol/g 



1. Benzaldehyde. 
THF/CH(OMe)3 

2. AC2p. 95P C 

_ — ► 

3. 50%TFA/CH2Cl2. 

rt, 3.5 hr 



— o 



15 



20 



TOxe resin obtained in Example 126 ( 0.59 mmoVg, 0.202 g. 0.11 nunol) wa. 
reacted with benzaldehyde (1.78 xnmol, 182 pL) in 4 xnL of a --^^^ 
THF/trimethylorthoformate (1/1) at room temperature and was sh^en for 4 
days. To the above suspension was then added 3 mL of acetic anhydnde and 
^mixture was stirred at 95- C overnight. After the suspension was cooled to 
room temperature, the solvent was removed by filtration and the resm was 
washed with dichloromethane, THF and then dichloromethane. 
Treatment of resulting resin with 6 mL of TFA/dichloromethane (l/«at r^m 
temperature for 3.5 hr resulted in a crude -^^^'r^J"^"^' 
crude products gave tiie correct mass by ESPMS (M^H) = /^S^f "^"^ 
(41 4x1 X 30 mm Dynamax C18 column, 5:95 to 95:5 acetomtrde:water 
gradientover30minmonitoringtheeffluentat214A) -P-^^^^fT^^^^^ 
Sastereomeric products tentatively assigned as: 4-[(2S.4R)-3.acetyl-442- 
methylpropyl)-5-oxo-2-phenyl-l-inndazolidinyll-N-l[l-(2- ^...^ 

methL^1i.yl)cyclopen1yllcarbonyll-I.phenylalani^^^ 

25% yield and 4-[(2R.4RV3.acetyl-4-(2-methylpropyl)-5-oxo.2.phenyl^^^^^ 

i^dLudinyll-N-lIH2-methoxyethyl^^^ 
retention time 26.98 min, 33% yield. 

FrTTurrr^'^ 12ft -139 

Using procedure described in Example 126-127. the compounds shown below 



were 



prepared 
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Diastereomer 2 


608.3336 


608.3317 
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Diastereomer 1 


612.2840 


612.2826 
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Diastereomer 2 


612.2840 


612.2838 
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o 

Diastereomer 1 


578.3230 


578.3210 
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Diastereomer2 [ ^^^^^^q \ 578.3225 



136 1 >->.^ 



608.3336 608.3320 



DiAstereomer 1 



137 



V 

o 



Diastereojuer 2 



608.3336 608.3331 
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Diastereomer 1 



612.2840 612.2835 



139 I 



Diastereomer 2 



612.2840 612.2864 
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v.^u^r.\^. 140 . Synthesis of Wang resin linked N-lll-(4- 
inethoxyphenyl)c3^ohe3qrll 

carbonyll-4-nitro-L-phenylalaiune 

A mixture of Fmoc-4-mtro-L-phenylalanine on Wang resin (581 mg 0.36 
, nnnol)inl0na.of25%piperidineinNMP(N-xnethylpyn.h^^^ 
shakenfor SOnnnutesatroomtemperature^ SolventwaBfilte^ 

sintered funnel. With the resin still on the funnel, another 27 mL of 25% 
^WdineinNMPwasaddedandthesuspensionwasaUowedto standat 
^^it^peratureforSOminutes. After removal of tl^solvent by filtra^n, 
0 lresinwasthenwashedwithdichloromethane,DMF,xsopropylalcohol, 

dichloromethane sequentially and was dried under vacuum. 

The above resin was placed into a 25 mL round bottom flask ^^^^-^ 

ofNMP. Toitwasadded,l-(4-metho^henyl)cyclohexanec^^^^ 

^ 1.44 mmol). diisopropylethylamine (DIEA, 343 ^, 1.98 xmnd). and BOP 

15 ^enV(637mg,1.44mmol).Thereeactionmixturewasshakeno^^ 
^XotwasremovedandanalyzedbytheKaisertestwhxchwas 
Native for amine. The resin was collected by filtration and was washed wxth 
S^methane, DMF. isopropyl alcohol, dichloromethane and was d«ed 
^^e^^uced pJessure to give 580 mg (0.59 mmoyg) of Wang^^^ 

20 llK4.methoxyphenyl)cycloh«cylcarbonyll-4-nitro-L-phenylalamne. 

E^^El^. Synthesis of 4-l2-(4-hydro:cyphenyl)^oxo-3-tiuazoUdiny 
(4-methoxyphenyl)cyclohexyllcarbonyll-L-phenylalanme. 





P«Ns-j*r^, o\_7 SnOi.OMF 






\ C32H34N2P^ 
Mol. Wt: 574.69 



25 



In a 20 mL scintillation vial was added Wang resin linked N-lll-(4- 
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DMF. Ther^ction ™xture was shaken overnight at room t^P^ture. lb. 
resulting resin was coUected by ffltratton and was washed mth DMF, 

, ^f^l alcohol, dichloromethane. and ett^r to jieUl 243 mg (0 14 nn^of 
rrSlN.U(l-(4.m..h«=yphenyl)=yc)oh«yUcart>onyll.I,phen,ta^ 



Wang resin 



10 



15 



20 



The 4.axnino-N4l(l-(4-me1ixoxyphenyl)cyclohe::yllcarb^^^^^ 
on Wang resin (243 mg. 0.149 nunol) prepared above was 
hydro J,enzaldehyde (153 mg. 1.25 mmol) and mercapto -<^^^^';^^^^^; 
2^1) in the p^sence of 3 A molecular sieves (100 mg) in THF (5 mL) at 
90o^r4hr. ALr it was cooled to room temperature, the reaction 
was filtered and Ihe resm was washed with THF. dichlorometi^ane DMF 
rOHandether(3.30mLforeachsolvent). The resin was l^entr^d 
with 50% of TEA in dichloromethane at room temperature for 1 hr _ 1^ 
Ispension was then filtered and the resin was washed wxii. --^-^^ x 
r^). Thecombinedfiltrateswereconcentratedtodxj^essandp^^^ 
RP-HPLC to give 4.t2.(4.hydro:^henyl)-4.oxo-3-thiazohdmy W^^^ 
reCypW)cyclohexyllcarbonyl>L-pheny^^ (^0 S0«^ 

HRMS (C32H34N206S) obs mass. 575.2199. Calcd mass, 575.2216 (M+HJ. 

Exaxnolel^. Using procedure described in Example 141. N-[[l-(4- 

h.xnmptg A^-^ - „anhthvl)-4-oxo-3-thia2ohdmylJ- 
methoxyphfinyl)cyclohexyllcarbonyll-4-l2-(2-naphthyl) 4- 

L.phenylalanineHRMS(C36H36N205S)Obsmass. 608.1910. Calcd mas . 
608.1904 (M+) was prepared. 

S^a-is "f {S W3.4-dhn.U^l-2.8-Bo-l-'-i^«^=*'-^- 
nW4-methoi5Thenyl)cydoheiyllcarbonyll-I,-phenylalamne 

Ina20mLscinanaaon^Fialwaaadded4-amno.N-l[(l•<4- 

ltho:^heny«oycU.he:=yncaxbonyl).I,phenyl.l«*« - ^-r--^ 

0.11 nunol. 0.59nuooVgloading) as prepared in E^mple ^^.^yl 

, I,alanine^H (114 mg. 0.341 mmol), DIEA (100 uL, 0.58 mmol), HB™^ 
mg, 0.58 mmol) in DMF (2 mL). The reaction mi^ure was da^<«--^^ 
Troom temperature. The resin was filtered and nnsed w^tt ^^-^^ 
alcohol, dichlroromethane and dr,«l under .educed pressure . A Ka«er test 
was negative for amine. 

« T^rerin obtained .hove (200mg) was treated with 5 mL of 25* piperidine in 
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NMP for 46 minute. at «<»n temperas A*""""^'^'''^^' 

d... funnel «.d rinaed with DMF. the resin w« re-=uspended m 5 

piperidinenJMP in the funnel end was allowed ^^'"'^^^ 
mLofZBWpipenam _ .git^^ This process was repeated and the 
minutes at room temperature and luterea. ini^F . 
s ^ was then rinsed with DMF, isopropyl alcohol, d^hloromeftame. 

The above resin was placed in a 20 mL scintillation vi^ -^ff^^ 
Slt^U (CDI, 201 m., 1.24 mmol, and DIEA (64 ^"f ^^^"^^ ^ 
achloromethane (5 mW. The reaction mixture was 
temperature. Resin was then filtered and washed wxth d.chlorometh«>., 
10 DMF, isopropyl alcohol, dichloromethane. 

The resulting resin was transferred to a 50 mL round bottom flask and s^ 
^^Tdichloromethane (10 mL, for 3 hours at room temperature. The 
^sinwasfUteredandrinsedwlthMeCN. '^'^^^^^^ 
concentrated. The residue was purified by '^^^'^^^^ 
15 linear gradient of 10:95 to 95:6 (MeCNJH20) over 40 mmutes. (SW3,4- 
^4t«o+1iv1.2 5-dioxo-l-ixnidazolidinyl)-N-[[l-(4- 

.as Obtained in 39.. -all ^eld calc^a..d ^^^^ 
N-Fmoc-phenyalanine on Wang resin as 0.059 imnoyg. 

20 Obsmass. 508.2456. Calcd mass. 508.2448 (M+H). 

^..^.Usingprocedure^^^^^^^ 
metho^henyl)cyclohexyllcarbonyll-4-l(4S)-3-me^^ 

dioxo-l-inudazoUdiuyll-L-phenylalanme (46 mg. 0.082 nonol) ^as^ 

in52%yield.HRMS(C3lH39N306): Obsmass, 550.2904. Calcd mass. 

25 550.2917 (M+H). 

E^^Bl^. 2.^Dimethyl-4-trifluoromethyl-3-pyridinecarbo:cyUc add. 

A solution of 2.6-dime1i.yl^tri£luoromeihyl-3-pyridinecarbo^lic acid ethyl 
A solution otz. 10 ^ of 1 N sodium hydroxide solution was 

rJ^ret: ^Tl^C of the mi^cture (3:7 nie.^ol:dichlorom^e) 
30 Si^tedthatstartingmaterialwas.1^^-^ 

with ittlJ ana wie suiuiaw tsTMR This material was 

^ • • ^ TWl? and acetic acid as indicated by rsivm. iiii=> 
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of a BoUd. This material was diluted with toluene (6 mL) and evaporated 
several times to remove most of the acetic acid to afford after drying under 
high vacuum. 0.9 g of a white foam. LR-ES- MS (C9H6F3N02): 218 (M-H). 
ir.^«T,.nl«. 146 . Preparation of 4.l[(2,6-dichlorophenyl)carbonyllamino]-N-[tl-(2- 
5 azidoethyl)cyclopentyl]carbonyl]-L-phenylalanine 




9^ 

a o 



■Wy^^ HBTU. DIPEA a O 
^ O DMF.r.t..15h "!CT° 

Mol. Wt: 183.21 \ / 

Cl7H,7Cl3N2Q3 

Md. Wt.: 403.73 C2^27Cl2N5D4 

Mol. Wt: 532.42 



Using the general procedure described in example 46, 4-l[(2,6- 
dichlorophenyl)carbonyllanunol-N-lll-(2-aridoethyl)cyclopentyllcarbonyll-L. 

phenylalanine methyl ester was prepared in 78% overall yield. HE MS: 
10 (C25H27C12N504): Obs mass, 532.1519. Calcd mass, 532.1518, (M+H). 

Tr.^»^nlP 147 . Preparation of 4-[[(2,6-dichlorophenyl)carbonyllamino]-N-tIl-(2- 
aminoethyl)cyclopentyllcarbonyll-L-phenylalanine methyl ester 

To a suspension of 4.[[(2,6-dichlorophenyl)carbonyllamino]-N-[Il-(2-azidoethyl) 
cyclopentyll-carbonyll-L-phenylalanine methyl ester (15.47 mmol, 8.24 g) in 
15 THF (70 mL) was added a solution of 1.0 M trimethylphosphine in toluene (25 
mmol, 25 mL) at 0 'C. The mixture was stirred 7 h at room termperature, at 
which time TLC analysis indicated the absence of starting material. Then, 3 
equiv. of water (45 mmol. 0.82 mL) were added and the mirture was stirred 
for 15 h at room temperature. The solvent was removed under vacuum and the 
20 residue was azeotrophed two times with toluene to give a pasty material 
which was dissolved in THF:dichloromethane (-250 mL) and dried over 
anhydrous sodium sulfate. The solution was filtered through a plug of cehte 
and the ceHte was washed with THF (100 mL). The combined filtrates were 
evaporated under vacuum to obtain 5 g (64%) of methyl 4-[[(2,6- 
25 dichlorophenyl)carbonyllaminol.N-[ll-(2-aminoethyl)cyclopentyllcarbonyll-L- 

phenylalanine ester as a pink soUd. HR MS: (C25H29C12N304) Obs mass. 
506.1625. Calcd mass, 506.1613, (M+H). 
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KlKm«thyl)ainmolethyllcydopentylIcarhonyll-L-ptonylalamne m 

lnooa.,i)cydo p^tyllcarbonyll-I^phenylalan^o es«r (^^^^ 

, (70 Bi) w- added 2 e<rnv. of ..otic «° 

^rmtomperatu«.Thecolorod«.luttonwasstarodforl5hatr«om 

and then dUutod with 200 mL of othyl acetate. The ethyl aoetote 
C^raSed ^cce^ively with IK hyd«ch..ric acid (^J^"^^^, 
solution (100 mL) and dried over anhydrous nagnesium °! 
0 *e Hng agent and concentration of th. solvent afforded a flu^ sohd wtad> 
™^ISnure by HPLC.Thi. solid was triturated with ethyl acetate (40 

r,:SZCn^<^x^> was added. The soUd was collected hy atrafon 
and dried at air to afford 3.38 g (63%) of 4-11(2,6- 

dichlorophenyl)carbonyllainiiio]-N-lll-l2-l(l- • . ™.tKvl ester as a 

15 oxoethyl)arninolethyllcydopentyllcarbonyll-I.phenylalaxu^^ methyl e^r a. a 
;rut jud.xnpl90-194-C.HRMS(C27H3lC12N3O5):Obsmass. 548.1696. 

Calcdmass, 548.1719 (M+H). 

ir...We 149. Preparation of 4.[l(2,6-dichlorophenyl)carbonyllanunol-L. 
phenylalanine hydrochloride salt. 
» TO a solution of .ethyl 4-a(2,6-di««.y«cj^^^ 

f't wwilTt iL analysis of a>e reaction nn^ indicated «re ah^ce 
f's:l:^nit.rialanditwascooledtoroon>ten>p«a^.^T^^^ 
25 ,«no»edunder«cumnandtheresiduewasextractedw.tbefher(2xl0« ) 

neutral impurities. Then, the basic '^"-J^^","^ ^ 
hydrochloric acid to pH 2 to give a clear solution. The solubon was 
1 IN nyoTuv^"^ r x!cjii7„ nnn%> of the title compouna 

lyopholized under high vacuum to afford 11.7 g (100^> oflU 
I a white amorphous soUd. HR MS (C16H15C13N203): Obs. mass. 354.2014. 

30 Calcd. mass, 354.2053 (M+H). 

E^amEklSQ- Preparation of 4-l[(2.6-dichlorophenyl)carbonyl]aminol.N.l(9H- 

fluoren-9-ylmethoxy)carbonyll-L-phenylalanine. 

To a mixture of 4-[l(2.6-dichlorophenyl)carbonyllaminol-L-phenylalanine 
hvdrochloride salt (30 mmol, 10.59 g), N-(9- 
3, ^yhn,tho^carbonylo^)succini^de (30 nnnol. 10.12 g) and sodium 
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15 



carbonate (300 mmol, 31.8 g) were added dioxane (75 mL) and water (25 mL) 
at room temperature. The suspension was stirred for 15 h at room 
temperature at which time TLC analysis of the mixture indicated the absence 
of starting material. The inorganic soUds were filtered through ceUte and 
washed with ethyl acetate. While washing with ethyl acetate some organic 
compound was precipitated out from, filtrate which was collected and air dried. 
The filtrate was concentrated under vacuum and the residue was combined 
with the above organic solid compound and the product was taken up in hot 
THF and precipatated with ether to obtain 14.1 g (81%), as a white soKd, mp 
230-234 "C, LR MS (C31H24C12N205): Obs mass, 597. Calcd mass, 597, 
(M+Na). 

T?.-r».Tnp1« mi . 4-[[(2,6-dichlorophenyl)carbonyllamino]-N- I(9H-fluoren-9- 
ylmetho:Qr)carbonyl]-L-phenylalanine on Wang resin was prepared from the 
product of example 150 with a loading of 0.765 mmoyg of resin using the 
general procedure described in example 61. 



20 



25 



CI o 





1 i-Mj 2.6-dichlorobenzoyl chloride 



pyridine, NMP. r.t, 15 h 




TT-vBTTiplft 1S2 . Preparation of 4-I[(2,6-dichl6rophenyl)carbonyl]aminol-L- 
ph«ciylalanine on Wang resin 

To the 4-lI(2,6^dichlorophenyl)carbonyl]amino]-N-[(9H-fluoren-9- 
yhnethoxy)carbonyll-L-phenylalanine on Wang resin prepared above (12.1 
mmol, 17.4 g) was added 20% of piperidine in NMP at room temperature. The 
mixture was shaken for 1.5 h at room temperature and the resin was filtered 
and washed with DMF (2 x 20 mL). Then, the resin was suspended in 20% 
piperidine in NMP (100 mL) and the solvent was decanted. The resin was 
washed with dichloromethane (2 x 20 mL) and dried under high vacuum to 
obtain 13.5 g of 4-t[(2,6^dichlorophenyl)carbonyllaimnol-L-phenylalanine on 

Wang resin. 
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ir^o»,r.uiS3 . N-[ll-(2-Azidoethyl)cyclopentyllcarbonyll-4-lt(2.6- 
S^yDcarbonyll axninol-L-phenylalanine on Wang resm was prepaid 
from the product of example 152 using the general method described m 
example 64. The loading was 0.695 mmol/g of resin. 




BOP. DIPEA, NMP 
r.t.lSh 




Es^Ele^. Preparation of N-[ll-(2-aminoethyl)cyclopentyllcarbonyH-4. 
[[(2,6.dichlorophenyl)carbonyllaminol-L-phenylalanine on Wang resm 

To a suspension of N-[Il-(2-azidoethyl)cyclopentyllcarbonyll-4-l[(2 6- 

dichlorophenyl)carbonyllaminol-L.phenylalanine on Wang resm ^^^ ^^ 

0 13 43 g, 0.695 mmol per g) in THF (60 mL) was added a sohxtion of 1.0 M 
^e^lphosphine in THF (37.3 mmol. 37.3 n^) at 0 oc. ^ 

allowed to warm to room temperature and sidr for 4 h at which * 
test was possitve for amine. The resin was ffltW and was wa^dw^ 

(4 X 20 ni), dichloromethane (4 x 10 mL), isopropanol (4 x 10 mL). DMF (2 x 
15 20 mL) and dichloromethane (2 x 20 mL). respectively. A^er jiry^under 
Mgh vacuum. 13.43 g of N4[l-(2-aminoethyl)cydopen1^11carbony«^lt^^^ 
di^orophenyl)carbonyllaminol-L-phenylalanine on Wang resm was obtamed. 

i..^^T.1.155 . Preparation of 4-ll(2.6-dichlorophenyl)carbonyllaminol^^^ 
l[(l.l-dimethylethyl)carbonyllamino]ethyll«yclopentyllcarbonylJ.L- 

20 phenylalanine on Wang resin 

To a mixture of N.lll-(2-aminoethyl)cyclopentyllcarbonyl3-4-[l(2.6- 
dichlorophenylcarbonyll aminol-L-phenylalanine on Wang re^m (0^69 xnmol 
100 mg, 0.695 mmol per gram loading) in pyridine (2 mL) was added exc^s of 
2 2 2-trimethylacetyl chloride (0.28 mmol, 33 mg) at 0 "C. The mixture was 

25 allowedtowarmtoroomtemperatureandshakenforShatwhichtimea 

Kaiser test was negative for amine. The resin was filtered and washed wi^ 
dichloromethane (2 x 10 mL) and was dried under high vacuum to afford 4- 
[[(2,6-dichlorophenyl)carbonyl]aminol-N-[ll-l2-[[N-(l,l- 
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dimethylethyl)carbonyllaixiinolethyllcydopentyl]carbonyll-I^phenyl^^ 
Wang resin. 

p^^flTn plft 156 . 4-[[(2,6-dichlorophenyl)carbonyllaniinol-N-[Il-[2-[[N-(l,l- 
diinetiiylethyl)carbonyllanunolethyllcyclopentyllcarbonyl]-I^phenylal^ 

5 was prepared by cleavage of the product of example 155 from the resin with 
TFA using the general procedure described in example 64 to give 25 mg (62%) 
of a white solid. HR MS (C29H35C12N305): Obs mass, 576.2019. Calcd mass, 
576.2032 (M+H). 

TCvamnlft 157 . Preparation of N-[ll-(2-methoxyethyl)cyclopentyllcarbonyll-N- 
10 methyl-4-nitro-L-phenylalanine methyl ester. 

To a suspension of N-[[l-(2-methoxyethyl)cyclopentyl]carbonyll-4-nitro-L- 
phenylalanine methyl ester (2.73 mmol, 1.03 g) and silver oxide (10.9 mmol, 
2.53 g) in DMT (25 mL) was added methyl iodide (160 mmol, 10 mL) at room 
temperature. The suspesion was stirred for 2 days at room temperature at 

15 which time TLC analysis of the mixture indicated the presence of starting 

material. An additional 10 mL (160 mmol) of methyl iodide and 2 g (8.6 mmol) 
of silver oxide were added, respectively. The suspension was stirred for 24 h 
and the solid was filtered throu^ a pad of ceUte and was washed with ethyl 
acetate (30 mL) and methanol (30 mL). The filta-ate was concentrated and the 

20 residue was extracted with ethyl acetate (3 x 30 mL).The organic layer was 
washed with water (20 mL) and brine solution (20 mL) and was dried over 
anhydrous magnesium sulfate. Filtration of the drying agent and removal of 
the solvent gave a crude compound which was purified by siUca gel column 
chromatography to obtain 530 mg (50%) as a light brown oil. HR MS 

25 (C20H28N2O6): Obs. mass, 392.1940. Calcd. mass, 392.1947 (M+). 

TCvam plo 158 to 167 using the general procedure described in examples 155 
and 156, the analogues shown below were prepared firom N-[[l-(2- 
aminoethyl)cyclopentyl]carbonyll-4-[I(2,6-dichlorophenyl)carbonyl]amino]-L- 

phenylalanine on Wang resin. 



30 




wo 99/10313 



-95- 



PCT/EP9S/05144 



Example 


R 


Formula 


HRMSi 
Calcd. Obs. 


158 


ir-\ H 


C28H28C12N406: 


609.1284 


609.1275 


159 




C31H33C12F3N406 


685.1807 


685.1784 


160 




C30H30C12N4O5: 


597.1691 


597.1661 


161 




C32H41C12N305 


618.2501 


618.2499 


162 


H 


C27H31C12N306 


564.1668 


564.1641 


163 




C29H33C12N307 


606.1774 


606.1752 


164 




C31H37C12N305 


602.2188 


602.2165 


165 




C32H31C12N307 


640.1617 


640.1613 




1. M+H ion unless otherwise indicated 

Ea,Bdsafia. Preparation „f l.(4.bromob«.yl)cy=U>pentane carbo^Bo add 
methyl ester. 

TO a solution of dusopn-pyla^Be (150 nunol. 21 nO,) » mFaOO ^) was 
added dropwiae a solution of n*atyl Uthiun. '^tl!„^:c ^ 
at .10 -C whne n^taining *e '-P^-^^^" » ^ 
«,dition. the solution was ^0 nun at 0 To^ a» 

methyl cdopentane carbo^late (100 mnol 13.1 f » ^ ^ 
, added dropwise at -70 -C n^taining^ ""TfJ^^rTat ^60 to -60 'C. 
-70 -C. After addition, the reaction mature was f^f"' 
T„en, a soluti™. of 1.4«ohutiu>e (100 nunol, ^1 .59j>^JJ ^> ^ 
was added dropwise and the light brown suspension was sOrred t^^ 
I 7^ Then it was aUowed to warm to room temperature «ul rt»rad 
. ll^^t'^reactionmi^waspouredintoasa^a^^ 
anmionium dUoride (200 mL) and the orgam. <»"^ ^ZLated 
ether (2 x 100 mL). The combin«l «rtr«*. were wad>ed 
lie solution (150 mL) and dri«l over anhydrous "-f "^acuT 
of ti» drying agent. ,^ tTrZia^^"""^- 
» and fl» resulting residue was d^tiUed """^^ ^ C12.8 

(4.bromobu.y«cyclopentane carbo^xc acd 262.0568 
g, 48%). HBMS (CllH19Br02); Obsmass, 262.0666. caicQ m 

(M+). 

^.j^^iUm. Preparation of W4.oyanobutyl)^opentane carbo:^lio acid 

25 methyl ester 

Aslutionof W4-bromobutyl^opentane carbo^c -"-^^^^^^ 
touted witi. a sotation of 0.5 molar lithium cyamde m DMT (5 mmol. ml.) 
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and stirred overnight at room temperature followed by heating at 75 "*C for 
two hrs. The reaction mixture was evaporated to dryness, the residue was 
dissolved in ethyl acetate (30mL) and washed with sat'd sodium bicarbonate (2 
X 10 mL), and brine (5 mL) and dried over magnesium sulfate to give a yellow 
5 oil (860 mg). Silica gel chromtography eluting with 1:3 ethyl acetateOiexane 
yielded a pale oil (83%, 693 mg). LR MS (C12H19N02): Obs mass, 227 
(M+NH4), 248 (M+K). 

F-v^TTi plft 170 - Preparation of l-(3-bromopropyl)cyclopentane carboxyUc acid methyl 
ester 

10 To a solution of 1.5 molar LDA in cyclohexane (60 mmol, 40 mL) cooled to -70 
•C was added a solution of cyclopentane carboxylic acid methyl ester (42 
mmol, 5.6 g) in THF (15 mL) over 30 min. The mixture was stirred for 1 hr at - 
70 "C. Then a solution of 1,3-dibromopropane (60 mmol, 11.9 g) in THF (30 
mL) which had been pre-cooled to -70 "C was added all at once and the 

15 reaction mixture was stirred at -70 "C for one hr then at room temperature 
overnight. The reaction mixture was poured into brine (200 mL), the layers 
were separated, the aqueous layer was extracted with ether (3 x 30 mL) and 
the combined organic layers were washed witii brine (20 mL), dried 
(magnesium sulfate) and concentrated to give a yellow oil (15 g). Distillation 

20 through a short path apparatus with a 3" vigreux column gave a yellow oU, 
7.96g (76%), bp 76-80''C at 0.3mm. 

TC^«Tnp1fi 171. l-(3-Cyanopiopyl)cyclopentane carboxylic acid methyl ester was 
prepared from l-(3-bromopropyl)cyclopentane carboxyUc acid methyl ester using the 
general method described in example 169 to give a 79% yield of a pale yellow oil. LR 
25 MS (C11H17N02): Calcd mass, 196. Obs mass, 196 (M+H). 

TC^amplft 172 . Preparation of l.[4-(methylthio)butyllcyclopentane carboxyUc 
add methyl ester. 

(29514-112). 

To a solution of l-(4-bromobutyl)cyclopentane carboxyUc acid methyl ester (38 
30 mmol, 10 g) in DMF (100 mL) was added sodium thiomethoxide (72.6 mmol, 
5.09 g). After addition of sodium thiomethoxide, the reaction was exothermic 
and the mixture became a Ught brown cloudy solution. The mixture was 
stirred for 15 h at room temperature and was poured into water (200 mL). The 
organic compound was extracted with ether (2 x 150 mL). The combined 
35 extracts were washed with brine (150 mL) and dried over anhydrous 
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magnesium sulfate. After filtration of the drying agent, the solution was 
concentrated under vacuum and the resulting residue was purified by silica 
gel column chromatography to afibrd 4.43 g (51%) of a colorless oU. LR MS 
(C12H2202S): 230 (M+). 

5 P.r^TnnlB 173 . 1^3-Methylthiopropyl)cyclopentane carboxyUc acid methyl ester 
was prepared fit)m l-(3-bromopropyl)cyclopentane carboxylic acid methyl ester 
using the general procedure described in example 172 to give a 54% yield of a 
pale yellow oil. 

V.v«mt>le 174. Preparation of l.[(4-(methylsulfonyl)butyllcyclopentane carboxyUc acid 
10 methyl ester 

To a solution of l-I4-(methylthio)butyllcyclopentane carboxylic acid methyl 
ester (19.2 mmol, 4.43 g) in AcOH (20 mL) was added 30% hydrogen peroxide 
(10 mL). The reaction mixture was heated to 70 "C and stirred for 15 h at 
which time the TLC of tiie mixtiu^ indicated the absence of starting material. 

15 The reaction mixture was cooled to room temperature and was concentirated 
under vacuum. The residue was poured into saturated sodium bicarbonate 
solution and was extracted with ether (3 x 100 mL). The combined extracts 
were washed with a saturated solution of sodium chloride (200 mL) and dned 
over anhydrous magnesium sulfate. After filtration of tiie drying agent, the 

20 solvent was removed under vacuum and tixe resulting residue was purified by 
silica gel column chromatography to afford 4.94 g (98%) as a colorless oil. LR 
MS (C12H2204S): 263 (M+H). 

TCvample 175 . Preparation of l-[4-(methylsulfonyl)butyllcyclopentane 
carboxylic acid 

25 To a solution of l.[4-(metiiylsulfonyl)butyl]cyclopentane carboxyHc acid methyl 
ester (18.8 mmol. 4.94 g) in a mixture of THF (38 mL) and methanol (38 mL) 
was added 1 N sodium hydroxide (38 mL). The mixture was heated to 50-55 'C 
for 15 h at which point TLC analysis of the reaction mixture indicated the 
absence of starting material and the mixture was aUowed to cool to room 

30 temperature. The solvent was removed under vacuum and the residue was 
diluted with water (100 mL) and extracted with ether (2 x 50 mL) to remove 
any neutral impurities. Then, the basic aqueous layer was acidified with 1 N 
hydrochloric acid and the product was exta-acted witii ethyl acetate (2 x 75 
mL). The combined extracts were washed with brine solution and dried over 

35 anhydrous sodium sulfate. After filta^tion of the drying agent, tiie solution 
was concentrated under vacuum and the residue was dried under high 
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vacuum to afford 4.31 g (92%) of the tifle compoxmd as a low melting white 
soUd. LR MS (C11H20O4S): 249 (M+H). 

P-v^mnle 176 . Preparation of l-(2-bromoethyl)cyclopentane carboxyUc acid 
meth]^ ester 

5 To a solution of diisopropylamine (150 nunol, 21 nJL) in THF (100 mL) was 
added dropwise a solution of n-butyl Kthium (145 mmol, 58 mL 2.5M) m 
hexanes at -10 "C while maintaining the temperature below 0 -C. After 
addition, the solution was stirred for 30 min at 0 "C. To this, a solution of 
cydopentane carbosylic acid methyl ester (100 mmol, 13.1 g) in THF (20 mL) 

10 was added dropwise at -70 »C maintaining the internal temperature between - 
60 to -70 "C. After addition, the reaction mixture was stirred for 1 h at -50 to - 
60 'C. Then, a solution of 1,2-dibromoethane (90 mmol, 16.91 g) in THP (20 
mL) was added dropwise and the Ught brown suspension was stirred for 1 h 
at -60 to -70 "C. Then, it was allowed to warm to room temperature and was 

15 stirred ovemi^t. The reaction mixture was poured into a saturated solution 

of ammonium chloride (200 mL) and the organic compound was extracted mto 
ether (2 x 100 mL). The combined extracts were washed with a saturated 
solution of sodium chloride (150 mL) and dried over anhydrous magnesium 
sulfate. After filtration of the drying agent, the solution was concentrated 
20 under vacuum and the resulting residue was distiUed at 95-105 "02.5 mm Hg 
to obtain 11.5 g (49%) of a colorless oil. 

Kv^mnlem . Preparation of l-I2-(4-morpholuio)ethyl]cyclopentane carboxyUc 
acid methyl ester. 

To a solution of l-(2-bromoethyl)cyclopentane carboxyUc acid methyl ester (2 
25 mmol, 0.47 g) in DMF (10 mL) was added sodium iodide (0.3 mmol, 45 mg) and 
morpholine (10 mmol. 0.87 g). The reaction mixture was stirred for 3 days at 
room temperature at which time the TLC of the mixture indicated the absence 
of starting material. The mixture was diluted with ethyl acetate (100 mL) and 
washed successively with water (2 x 50 mL) and a saturated solution of 
30 sodium chloride (100 mL) and was dried over anhydrous magnesium sulfiate. 
After filtration of the drying agent, the solution was concentrated under 
vacuum to afford 0.44 g (92%) of a colorless oil. HR MS (C13H23N03): Obs 
mass, 241.1675. Calcd mass, 241.1678 (M+). 

Tr.v«n.nle 178 . Preparation of l-[2-(4-morpholino)ethyll cydopentane carboxyUc 
35 acid. 
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To a solution of l.l2-(4.nu>rpholino)ethyllcyclopentene carbo^lic acid me^yl 
ester (1.75 nunol. 0.42 g) in a xnixture of THF (5 n^) ^^^^^^^^^^^^^ 
added 1 N sodium hydroxide (3.5 mL). The mixture was heated to 50-55 C for 
40 h at which point TLC analysis of the reaction mixture mdicated the 

5 absence of starting material and the mixture was allowed to cool to room 
temperature. The solvent was removed under vacuum and the resxdue was 

^Td with water (100 mL)andextracted with ether (2x50 x^nor^^^^^ 

any neutral impurities. Then, the basic aqueous '-y^^^^^l^^'^^^^^^J^ 
N hydrochloric acid and extracted with ethyl acetate (2 x 75 mL). The aqueous 
,0 rayJrwasneutralizedwithsatura1.dsodiumcarbonatesoi™ 
with ethyl acetate (3 x 50 mL). TLC of the aqueous layer mdicated the 
;^esence of some more product. Thus, all eihyl acetete -^^^^^'^ 
^th aqueous layer and concentrated. The soUd residue was tnturated wxih 
methanol. The undissoWed solids were filtered and the filtrate was 

15 concentrated under vacuum. The resulting soUd was dissolved agam m 

methanol and concentrated HQ was added to form a salt. Then, tixe m^ol 
was removed to obtain the HCl salt of l-l2-(morpholino)ethyllcyclopen^^ 
carboxylic acid (1-09 g. may contain some NaCl) as a white sohd. LR MS 
(C12H21N03): 228 (M+H). 

20 lsa«Elel79. Preparation of methyl 1-0,3 difluoro-2-propylene)cyclopentane carboxylate 

A solution of 0.89 M LDA (0.24 mmol, 27 mL) was P'^P/f ^ from 

, • /rre 1 T c« <,^ in THP (50 mL) and 2.5 M n-butyl Uthxum 
diisipropylamme (75 mmol. 7.58 g) m ini? kou mi-v 
in hexane (72 mmol, 29 mL). The solution was cooled to -70 C and 
cycylopentane carboxylic add methyl ester (15 mmol. 1.92 g) m THF (10 mL) 
25 wJaLidropwiseover20minwhilemaintainingthetemperatureat-70 C. 

The mixture was stirred an additional 1 h at -70 "C and a solution ^ 
trifluoropropyl bromide (15 mmol. 2.65 g) in THF (10 mL) was added over 15 
The reLon mixture was stirred 1 h at -70 "C and allowed ™ ^ 
room temperature overnight. The reaction mixture was poured mt« brme (150 
30 nd.)andtheorganiclayerwasseparated.Theaqueouslayerwasex^^^^^ 
with ether (30 mL). the combined organic layers were washed with bnne (10 
mL), dried over anhydrous magnesium sulfate and evaporated to ^^^^ 
give a yeUow oil ((4.1 g) which gave after chromotography on sxhca gel (120 g. 
10% ethyl acetate in hexane) pale yellow oil (56%, 1.72 g). 
35 T^.^«n.nlP 180 . Preparation of 5-Iodo-2-pentanone ethylene ketal. 

A solution of 5.chloro-2-pentenone (40 mmol, 6.59 g) in acetone (40 mL) was 
treated with Nal (60 mmol, 9 g) and refluxed overnight. After coohng to room 
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^soMs^mUre, o« and «.e ^-^^^T 
t. a dart guiomy «*id. A 1:1 nu:ctuTe "'f?^'^!.^ « drj^eas 

^ded. the =u:rture was stirrsd for 30 nun ffl^-d eva^ ^ 

.0 give 7.2 g of a red oil ^^fj^J^t^lf^L^i^ «L) in 
6 the ketone. To a solution of ttas ketone (23.6 ^ «' 

.lOOo^flaskattedwithaDean-Stark^P^^ed^^^ne^^^^ 

«i 1 fi7 ^ and 100 mg of pora-toluenesulfonic aad ana uxe 
rt:l^Lte^6h"Vr.oling,*etoluene^--^^ 
IN NaOH (20 mL), water (5x 20mL). and bnne (5 mL) was dnea 

distillation, 4.8 g (47%) of 5-Iodo-2-pentanone ethylene ketal 
bp 44-48 °C at 0.3 mm. 

Preparation of W«ethylenedio^)pentyl)cyclopentane 
carboxylic acid methyl ester 
„ AaoluaonofUthiun.dileopropylan^e....l^^^^ 

Cdopentane carboxylic aad methyl ester 1« . ^ -60 

„.s added dropwise over 16 min. ■TT^.t^O^nll a sTlution of 5- 
to .70 -C. The yellow solubon wa. *.rred 1 h at 7U 

iodo.2.peutanone ethylene ketal (10 nuuol, 1.M -J^^ , ^ 

„„16nun,whilen>amtainingtempe— f^C.A^ 

at .70-C, the reaction mixture was aUowed ""^^ (i60 mU and the 
,.,^t. The reaction mixture was pour«l ^^^^ (2o 
^anic layer was separated. The aqueou. J"^^^,, .^ed over 
» mLXthecombinedorganiclayerawerewa.^-*^""^ , 
anhydrous ms«nednm «>Uat. and evaporated to dryness to gi 
a pale yellow oil. 

Preparation of 4.Iodo.2*ut«ione ethylene ketal. 
Asolutionof 4hromo-2.hutanoneethyleneketal(16.4^3;^ 
30 (30 mL) was treated wi* sodium iodide i24 mmd^S^ ^^^^ 

carbonate (50 mmol, 5.1 g) and was rduxed -r^J^^Js to a 
wasffltered, washed with acetone (lOmL) ami e«P^i^^^^ 
white soHd. The residue was triturated wxtham^of 1^1 e* P^ 
(20 mL), stirred 30 min., ffltered and evaporated to give 3.74 g ( » 

SB jelte«0il.I«-BS(C13H22O4):243(M+H). 
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i ; ;-e«Tnnlp 183 . l-[3-(Ethylenediojty)butyllcyclocarboxyUc acid methyl ester was 
prepared using the general method described in example 181 to give a 25% 
yield of a colorless oil. LR-ES MS (C13H2204): 243 (M+H). 

CO^Me J \ 

^— / \~J THF, -70t»toR.T. \ / 

CTHiaQz CeHiilOa 
Mol. Wt.: 128.17 mo|. wt: 242.06 C13H22O4 

Mol. Wt.: 242.31 



5 y-v»mDle 184 . Preparation of 4-[[(2,6-dichlorophenyl)carbonyllamino]-N-lll-l3- 
(methylsulfonyl)propyl]cyclopentyllcarbonyl]-L-phenylalanine methyl ester 

A solution of 4-[[(2,6-dichlorophenyl)carbonyl]amino]-N-I[l-[3- 
[(methylthio)propylcyclopentyl] carbonyll-L-phenylalanine methyl ester (110 
mg, 0.2 mmol) in dichloromethane (10 mL) was cooled in ice bath and treated 

10 witti meta-chloroperbenzoic add ( 0.7 mmol, 150 mg). After stirring at room 
temperature for 3 h. the reaction mixture was diluted with dichloromethane 
(30 mL) and washed with sat'd sodium bicarbonate (10 mL), and brine (5 mL) 
and dried over magnesium sulfate. Evaporation to a yellow oil and siUca gel 
chromtography eluting with 5% methanol in dichloromethane yielded a white 

15 pasty solid (96%, 113 mg). LR-ES MS (C27H32N206C312S): 583 (M+H). 

F.v«mT.l« 185 . Preparation of 4-[[(2.6-dichlorophenyl)carbonyl]amino]-N-[[l-[3- 
Kmethy sulfinyDpropyllcydopentyllcarbonyll-L-phenylalanine methyl ester 

A solution of 4-tl(2,6-dichlorophenyl)carbonyllamino]-N-[Il-[3- 
(methylthio)propyl]cyclopentyl] carbonyll-L-phenylalanine methyl ester (110 

20 mg. 0.2 mmol) in a mixture of ethyl acetate (8 mL) and THF (3 mL) was 
treated with a solution of oxone (0.05 mmol, 31 mg) in water (2 mL) and the 
two phase system was stirred vigorously for 2 h at room temperature 
followed by further addition of oxone (0.05 mmol, 31 mg) and continued 
stirring overnight. After separation of the layers, the aqueous phase was 

25 extracted with ethyl acetate (5 mL). and the combined organic layers were 
washed with brine (3 mL), dried over magnesium sulfate and evaporated to 
dryness to give a white solid. Chromotography on silica gel eluting with 
methanol (7.5%) in dichloromethane gave a white soUd (68%, 78 mg). LR-ES 
MS (C27H32N205C12S): 567 (M+H). 
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Tr.^«^r,lp 1«7 . Preparation of 4-l[(2.6-dichlorophenyl)carbonyl]amino].N-lll-I2- 
[l(inethylaniino)carbonyllaniino]etiiylJcydopentyl]carbonyll-I-ph^^^ 

To a solution of 4-t[(2.6-dichlorophenyl)carbonyl]aHiinol-N-[[l-(2- 
aminoethyDcyclopentyll carbonyll-I^phenylalanine methyl ester (40 mg, a080 
xnmol) in dichloromethane (1 mL) was added methyl isocyanate (5 mg, 0.095 
mmol). The resultant mixture was stirred for 18 h. The reaction mixture was 
concentrated in vacuo and the crude urea was used in the next step without 
purification. 

To a solution of the crude methyl ester (50 mg, 0.080 mmol) in MeOH (1 mL) was 
added a solution of LiOH (8 mg, 0.19 mmol) in water (0.5 mL). The mixture was 
stirred for 2 h and then it was acidified (pH -1-2) with 0.5M HCl. The reaction 
mixture was poured into a round bottom flask and concentrated m i«icuo. 

Purification by reversed-phase HPLC, using a 15-95% acetonitrile-water gradient 
over 25 min.. provided 30 mg (68%). HR MS (C26H30C12N4O5): Calcd mass. 
549.1671. Obs mass, 549.1677 (M+H). 

v..».., pWl«Rtol91 . Using the general procedure described m example 187. and 
starting with 4-[I(2.6-dichlorophenyl)carbonyl]aniinol-N-[Il-(2- 
aminoethyl)cyclopentyllcarbonyll-L-phenylalanine methyl ester, the analogues 

listed below were prepared: 



20 




Example 


R 


Yield 
% 


Formula 


HRA 
calcd. 


ISl 
found 


188 




331 


C25H28C!12N405 


535.1515 


535.1510 
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C27H30Ca2N4O7 




"l. Starting material = trimeihylsilylisocyanate 

2. Starting material = methoxycarbonylisocyanate 

3. Starting material = methyl isothiocyanate 

5 [l(metho:qr)carlx>nyllaminolethyllcydopentyllcarbonyj 

TO a solution of ^tK2,6-dicl.aropheny«^n^ ^^3, 
anunoethyDcyclopentyll '^^^^^'''^f^^^Zw^Ly^-^^ (20 mg. 0.16 
n^ol) in dichloromethane (1 mL) ^as ^^ded ^^J^Le resultant miriure was 
^01) and methyl chloroformate (7 mg, 0.080 -^^'^i Zu, and the crude 

XO stirredforl8h.Thereactionmi^ewasconcenteat^"^"a««> 
^amatewasusedinthenextstepwithoutpunficatxcn. 

Toasolu1ionoft^ecrudemethylester(54n^,0.2-<>^^ 
addedasolutionofIiOH(8mg.0^19mn^^mw^^^^^ ^^^^^ Thereaction 

stirred for 2 h and ti.en it was ^f^^f^ l^ncentrated in uocuo. 
,5 nnxturewaspouredintoarom^dbo^mfl-^^ 

550.1511. Obs mass, 550.1524 (M+H). 
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^.amEkJai. Preparation of 4.[l(2,6^chlorophenyl)carbonyl]a^^^^ 

To a solution of 4-ll(2,6^cMorophenyl)carbonyllaininol.N-lll-(^^^^ 
Lnoethyl)cyclopentyll carbonyll-I^phenylalanine ^^^^^^ 
5 ^1) in^c^oromethane (1 mL) was added dusopropylethylaxnme (12 xng, 0^95 
Z^^dn.ti«nesulfonylcmoride(9xng,0.080xnn.o^^ 
^sLedforlSh. Tl.ereactionnuxturewasconcentrated..uacuoandthe 

crude sulfonamide was used in the next step without purification. 

J +v,„i ^^^r (ti5 me 0 080 mmol) in MeOH (1 mL) was 
Tft a solution of the crude methyl ester (.00 mg. " -"o" 

^ Jon b7rev.rsed-phaBe HPLC. using a 15-96% «:etom«le.^at» gradient 

15 592.1052. Obs mass. 592.1068 (M+Na). 

T!v»mnle 195 . Preparation of l-[2-[[(l.l- r«pAvl ester 

dimeliylethoxy)carbonyllaminolethyllcyclopentyl carboxyhc acid methyl ester. 

To a solution of l-(2-azidoethyl)cyclopentane carboxylic acid -^^^^1^1^"^^^' 
25 4 Z.OI) in ethyl acetate (100 mL) was added di-tert-buiyl-d^carbonate (55^ g. 
Zij.immoi^iuB J. ^ nti„\ The reaction mixture was shaken for 3 

» 254 n^ol) and 10% Pd^ <'^-^^"tu.. The reaction nn*^ 

h under hydrogen gas (60 pal) on a Parr shaKer apimr 
w.smtered.h™ughap.dofcehteand..epadwaaw^^d^^^ 

:i 160 niL). The combined organic phase was transferred to a ">™ 

and concentrated »,»cuo. ^^<^-^y<^'''^,fZTT^^ 
25 hexane-ethylace.ate(9:l),aflbrded6.30g(76%)as.hght^.woU. HKMS 

(C14H25N04): Calcd; 272.1862. Obs mass, 272.1866 (M+H). 

jVjmolaOafi. Preparation of 1-12-11(1,1- ^ ,. -j 

dimethylethoJoDcarbonyllaminolethj^lcyclopentane carboxyhc «»d. 

To a solution of the l-B-H(l.l-ita«*yl«a'»-y'-^'r^^tf IT^T 
30 carb^yUc acid methyl ester (lO.G g, 39.0 mmo.) in T^m^ ^^^t^ 
added a solution of UOH ( 4.20 g, 98.0 mmol) m water (10 mL). nn*« 
tarred for 2.5 h at 50 -C and then cooled to room temperafre. The reactum 
^wasp»^intoaroundb.tt«nflas>.»adc»nc^«^^^ 
Sure was Sut«i with HaO (60 mU and acidified mth IM H(a. The a<pieous 
35 phase was extracted wia.ea>yl acetate (3 X 200 mU and the comhm«l organs 
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mass, 258,1700 [(M+H). 

5 T7,^«mnle 197. Preparation of l-[2-ll(l,l- 

dimethylethoxy)carbonyll(inethyl)aiimiolethyl] 

cydo-pentane carboayUc acid methyl ester. 

ToaslurryofNaH(1.20g.47.5nunol)inDMF(20Obsnu.s,xnL)at0-Cwas 

added dropwise a solution 1-12-IK1> carboxylic acid (5.8 g, 22.6 

10 diinethyiethoicy)carbonyllandnolethyllcyclopentane i h at 0 'C and 

mmol)inTHF(25n^). Tberesul^t^-^^ 
meti.yliodide(3.30^xna^.-^^^^^ ^^^^^^ 
mixture was stirred for 1 h at 0 C and b ^^^^^.^^ 
.as .uenched with sat. — - ^^^if l^se was extracted witi. ethyl 
15 transferred to a separatory funnel. ^^^^ ^ ^ried over MgSO*, 
acetate (3x100 mL) and the combmed organic layer 

filtered and concentrated in .ocuo^ ri::e (^1) ^ d:^^^^^^^ HRMS 
chromatography, using hexane-ethyl acetate 
(C15H27N04): Calcd: 286.2018. Obs mass. 286.2021 (M+a; 

20 EsamEleiaa. Preparation of l-Md.l- , ^ane carboxylic add. 

diinethyletiioxy)caibonylKmethyl)ammoletiiyll cyclopen 

To a solution of 1-12-[1(1,1- »i«„o«tnne carboxylic add 

2» of liOH (1.60 g. 35.0 nunol) m water (8 '^J^^^ „^ po««l 
a, 50 -C and then cooled to room teroperatare. 

into a ronnd bottom flask a^ ">--^ ^ -^Ta,^^^^ 
with H2O (50 na.) and acidified mth IM HO. The^ P 

wi* ethyi acetate (3.160 nO.) and a.e coml»^^^^ 
30 MgS04.fll..redandconcentrated»™»o Po^'^^J 

chro^tography, usinghexane^thyl aceta.. (5a) a^^ed^ ^ 
white powder. HEMS (C14H26N04); Calcd n«s9, 272.18W. 



272.1872 CM+H) 



,,,,;^.P.para«onof4-U(2,6^cMo„ph^^ 
„ (n«thylanmio)ethyllcyclopen1yHcarbonyH-L-phe''yWanmem 
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removed from the product by treatment with 4 N HCl m di^ 
5 example 45 and the product was used as is in subsequent steps. 

^,,^.P.parationof4-a(2,e-^^^^^ 

KacetylXmethyl) aminolethyllcydopentyllcarbonyll-L phenylaiamn 

Wation of the product of e^unple 199 using^^^^ 

^ example 148 foUowed by ester ^^/^^^^f ^^^^^^ 
10 in example 47 gave the title compound m 75% yield. HKM 

Calcdmass. 548.1719. Obs mass. 548.1716 (M+H). 

^,^,01^. Preparation of 4-ll(2.6-dicUorophenyl)carbonyllamino^^ 
^S^o)carLylKmethyl)aminolethyllc^dopentyllcarW^ 

phenylalanine. 

ascribed m example « ^'-^'^^'^^ 553.1816 (M*H). 
(C2TH32C12N405): Calcdmass, 563.1828. UDS mas.., 

a, [(methoiycaibonylMmethyUamiBolelhyllcyclopMityllcarbonyll P 

KeacUon of the p^duct of e^mpla 199 me^. 

general pro«dure described in e^unpte »^ y 

ganeralprocednredescnl-edine^lef 

HKMS(CwHsiCWIjO.):Calcdma.s. 586.1488. OM mass, 

. .1,203 4-11(2 6-dichlor<>phen^)cartK>nyllamino)-N-[ll-[2-K 

To a solution of 4-lK2,6-dichloropl»nyl)oarb«.yaan^o^N-ltt^^^ 

aminoethyDcydopentyll ca^-^-'^^'^'^^^.^^tf^ 17.2 
DMF (2 mL) ™ «lded 2 e<rn,. of tnfl«oroacet.e 
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reverse phase HPLC to afford 5.7 xng (21%) of a white ^^^'^^ 
(C26H26C12N305): Obs. mass, 588.1280. Calcd. mass. 588.1269 (M+H). 

ExamEkJQi. Preparation of 4-[[(2.6^chlorophenyl)carbonyllaBm.ol W^^^ 
S5^o)ethyl]cydopentyllcarbonyl>I.phenylal^^ methyl ester. 

5 To a mixture of N-lll-(2-aminoethyl)cyclopentyl]carbonyl]-4-[I(2,^^^^^ 

dichlo^phenyl)carbonyll amino>I.phenylalanine m^^^^^ 

0 17 g). Lc chloride (1.36 mmol. 0.185 g) and paraformaldehyde (1.36 mmol, 
40 7 mg) was added dichloromethane (2 mL) at room temperature and the 

was stirred for 1.5 h. Then, sodium borohydride (1.36 mmol. 51.3 mg) 

10 was added and the resulting mixture was stirred for 15 h at 

temperature. The mixture was poured into NH.OH (10 mL) and extracted 

with dichloromelhane (2 x 20 mL). The combined orgamc layer was w^hed 
with brine solution (20 mL) and dried over anhydrous magnesium 
Filtration of the drying agent and removal of the solvent gave a -^e P-d^ 
15 which was purified by HPLC to afford 18 mg (10%) of a ^^^^^ y^'^"^/^^^^ 
MS (C27H33C12N304): Obs. mass. 534.1927. Calcd. mass. 534.1926 (M+H). 

E^j^EleJQI. Preparation of 4.[[(2.6^cMorophenyl)carbonyllamin^^ 
ll(4-methoxyphenyl)carbonyllaminolethyllcydopentyllcarbonyl]-L. 

phenylalanine methyl ester. 

JO To a solution of 4-lK2,6-dichlorophonj4)carbonyl)anunol-N4Il-(2- 
a^a^oethyl)pyclope=^^carb.ny^^^phe^,W«m>eme^^^ 
XOl mg) and 4.methox,benzoyl ohioride (0.26 mmol, 52.1 mg) m 
LSmethane (1 mL) was added DIPEA (0.3 mmol 38 7 mg) «^ 
temperat,:re. The reaction mixture was stirred for 15 h at r«mi t«»perat»re 

^ l°*endilutedwith20mLotdichloromethane.Thedi=hI.^om^U^ 

was washed successively wiB. water (20 mL) and brme "f^I? 
was dried over anhydr«« mag««imn »alftte. Ftttration of tte drymg a««.t 
and concentration oT the solvent aUbrded a crude pr«luct wtach w^pu^ed 
hy revesrsed pha« HPI^ to .Main 0.1 g (78%) of a y^^^ '^Z'^^^ 
30 (C33H35C12N308): Obs. maa^ 662.1778. Calcd. mass, 662.1801 (M+Na). 

Ej3aolajm.4-ttC2,6.dkMor<wh«nyI)carbonyl)aminoW^^ 
trifluoromethylphenyi) carbonyllaminoIethyllcydopentyllcarbonyll-L- 
ohenylalanine methyl ester was prepared from 4-1K2.6- 
SlIrophenyl)carbonyllaminol-N.tll-(2-aminosthyl)cyclop»tyllc3r1^^ 
3, phenylJLne methyl ester and 3-trifluoromettylhenzoylchlondeuamg the 
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general n^thoddescribedine^ple 205 to givea99% yield of^^^^^^^ 
HRMS C33H32C12N305): Obs. mass. 700.1596. Calcd. mass, 700.1569 
(M+Na). 

E.,,^. l-[4^Azido)butyllcydopentane c^^^^^^ 
5 prepa^dfrom l.l4.(bromobutyl)lcyclopentane carboxyhc --'i 

LTum azide using the general procedure described ™ple^^^^^^^^ 

syrup in 87% overall yield. HR MS (C11H19N302): Obs mass. 225.1523. 

Calcd mass. 225.1536 (M+). 

E^^aaffik^Oa. l-[4^Azido)butyllcyclopentane carboxylic acid P^P^^^^ 
xo S^tbeesterpreparedinexample207usingti.egener^P^^^ 
dlscri^d in example 15 to give a brown syrup in quant.^^^^^^^^ 
(C10H17N3O2): Obs mass. 211.1285. Calcd mass, 211.1267 (M+). 

^amEle2Q9. l-(3-Azidopropyl)cyclopentane carboxyUc acid P^P"^"^ 
(3ZLpropyl)cyclopentane carboxyHc acid methyl ester --^J^^^^^^ 
15 procedure described in example 4. Il.e add was isolated as an od. LRESMS 

(C9H15N302): 196.1 (M-H). 

ExamDle210. 4-lK2,6-dichlorophenyl)carbonyllaminol-N-lll-(4- 
6OTil-[4-(azido)butyllcydopentone carboxyUc acid and of 4-11(2 6- 

. .>=a*onyna^oJ^P^yU.^-«^-^^^^ 
salt using the procedure described m example 46 to give a 9» /oji 
soUd. ^195-199 »C. HR MS (C27H31C12N504): Obs mass. 560.1833. Calcd 



mass, 560.1831 (M+H) 



25 



amtoobal5l)cycl«P«><^l carbonyll-^phenylalaiuno methyl aster was prep 
ftom4-[l(2,6-dichlorophenyl)carbonyllailiiiio)-N-l[l-(4- 
..idobutyl)cyclopen.ylloarbonyll.I.phenylalanine mett^ester u^^^ 

general procedure de^bed in e^ple 147 to give a 30* y>dd of a whte _ 
Sd roMS:(C27H33C12N304):Obsn>a^. 534.1382. Cakd ma... 534.1368 



30 (M+H). 



E,,,.^.441(2.6-dicmor.pJ«ny.)carJ««y^^^ 
acetyDaminolbutyllcydo pentyllcarbonyll-L-phenylalanme m , 
prepared from 4-lK2.6-dicUorophenyl)carbonyll.minol-N.ttW4- 
!lLobu.^)cyclopentyllcarbonyll-I.phenylalamne methyl ester usmg«» 
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CI O ^^^^^ AcAPynd'"^ ^ 1 r.^ 

C27H3dCl2N3P4 Mol. Wt: 576.51 

Mol. Wt.: 534.47 



10 



15 



E^SEkJia. Preparation of l-[(5-tetrazolyl)xnethyl]cyclopentane methyl 
ester* 

To a solution of methyl l.(l-cyanomethyl)cyclopentane carbo^late (5.5 mmol. 
0.9 g) in toluene (15 mL) were added trimethylsilyl azide (11 ^^^S^ 
and dihutyltin oxide (0.55 mmol. 137 mg) at room temperature. T^e m^ 
Tas heated to 110 "C and stirred for 15 h. Then, the reac^on mixture ™ 
Tied to room temperature and toluene was removed ^mdervacu^^^^ 

Lwn residue was diluted with ethyl acetate (100 mL) and washed wxth 
^tTated sodium bicarhonate solution (2 x 50 mL) and the star^g matenal 

and some impurities remained in ethyl acetete. l^e -^^J f "Jr^ 
bicarhonate layer was neutrahzed with 3NHa and e^ac^d^e^^^^^ 

acetate (2 x 50 mL). The combined extracts were washed with brme solutaon 
:T^L dried over anhydrous magnesium sulfate. After ~ f ^« 
drying agent, tixe solution was concentrated under vacuum and ^e resuiue 
trL:^underhighvacuumtoa£ford0.31g(27%)ofalowmel^^^^^ 
soUd.HRMS(C9H14N402):Obsmass. 210.0218. Calcd mass, 210.0252 

(M+). 

E^amsk^- Preparation of l-Kl-tetrazolyDmethyllcydopentane carboxyUc 
acid 

Using the procedure described in example 15, 1-1(5- ^ . ^ 

tetrazolyl)methyllcydopeni^ecarboxylicaddwasprep^^^ 
corresponding ester - 6^% overaU yield as a whxte sohd: mp 19^^^^ C. HR 
MS(C8H12N402):Obsmass, 196.0329. Calcd mass, 196.0318 (M+). 



20 (M+) 
acid 
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^'^M^^^'^ya-^^f^^^^'l^'Z) L stirred ^der 

Obs mass. 619.1818. Cslcd. mass. 519.1817 (M>H). 
.0 «K2.6^oropheny.)carbo„y«.minol-N.Ul-C2-n2.U(l.l- 

dimetiiylethoxy) carbonyllammol-l- «>,^„vlalanine was prepared by 

o^ethyllanainolethyllcyclopentyllcarbon^^^^^ 

coupling of the product from example 147^^^ 

HBTU protocol described in ^--P^f ^^^f, a 75% yield. HR MS 

MlC2.e~Henyl>^--U^^^ 
oxoetbyDaminol e«pentyll«.bon^^^^^ 

treatment of the product <>f ^P^!,^,'^ ,^*/;1^3^ 571.1491 (M+Na). 
20 (C26H30C12N4O5):Calcdmass. 571.1419. Obs mass. 

l-(Cy— yl)^ao^nt^e^^^^^ 
prepared from cyclopentane carboxyhc me^y^ ^ 
using the procedure described in «cample 7 to give a 38% yi 
(C9H13N02): Obs mass, 
25 167.0173. Calcd mass, 167.0146 (M+). 

using Ihe procedure described in example 15. the 
l^tane carboxyUc acids were prepared. 
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[ 219 


o 


90 


C9H1602S 


HRMS 

Calcd, 
188.0871 

Obs, 188.0871 


1 220 




90 


C11H20O2S 


LR-ESMS 
214 (M-H) 


221 




1 86~~ 


1 C11H17N 02 


LR-ESMS 
196 (M+H) 
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r 227 




OA 


C10H16O2 


HRMS 

Calcd, 
168.2459 

Obs, 168.2434 


228 






C8H11N02 


HRMS 

Calod, 
153.0198 

Obs, 153.0274 
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E,,,,^. Preparation of methyl W4^or.buty«cyclopentene 
carboxylate- 

tHeprocedure 2^8.1074. (M.). 

(C11H19C102): Obs. mass, 218.1072. t^aica. m«. 

«f 1 n butenvDcyclopentane carboxyUc acid methyl 
p^^T^ ple 230 . Preparation of l.(3-butenyi;cyci p 

ester. 

a .lution of ai^propyla.^ <^.r ^2.^) 1^ 

hatanesat-lO i^wmien— . <,n ™„ at 0 'C. To this, a solutioii of 

addition, the solution «as sfrred for 30 ^ at 0 a , ^„ 

methyl cydopentane carWlate (150 '^^^ ^^ture between -60 to 
added drop«ise at -70 -C maintammg the i h at -50 to -60 -C. 

.70 -C. After addition, the reaction '■^J^;;^^^ in THF (80 nJ,) was 
Then, a solution of 4.taom.-l-hutene ri..t^U>. 

,0 -C. Tlien, it was flowed to warm to ^f^^ „^ ^ 
„^t. -11.0 reaction mi*^ was poWmto a 

~- chlori^ »«on of 



20 
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^ the r«ddu. w<« distmed .t 63^7 '02.5 .mn Hg to give 13.77 g of a 
:XrLoa.HKMS(CllH1602):Obsmass. 182.1311. Clcd mas», 182.1307 

(M+). 

Preparation .fl-(WB»ttyltU.)ethyl]cydop«««ie<«WUc 

5 acid methyl ester. 

To a solution of W2.bromoethyl)cyclopen.ane c.rb«yUc 

„„n„l 472 mg) in DMF (5 mW wa5 added sodlnm tluometh<«d. (2.66 ^1, 
iTreacaon nu^ wa. stirred fcr 15 h at room ^-^"^^^ 

was^-red into water (30 ni). The organic compound was e^a^ mto 
10 diethyl ether (2 X 20 mU. The combined e=*racts were washed m<h a 

^ted solution otsodium chloride (50 mL> and dHed over anh^ 

magnesium sulfate. After filtration of the drying agent, the 

eonLtrated under vacuum and the resulting reridue was pur^^ hy^^ 

gel column chromatography to afford 334 mg (82*) of a coloriess od. HE MS 
16 C10H18O2S):Obsm.ss. 202.1024. Calcd mass. 202.1028 (M*). 

Eiamidaaaa. Preparation of l-[4^metho=q.)but,llcyclopentane carho^Bc add. 
To a «.tation of W4^orobutyl)cyclopentane carbo:qrlic add meU>yl e^rSO 
^o , 6.56 g) in a mixture of THF (60 mL, and '-^'^f'^^l^^^ 
N so.^um hydro:dde (60 mL). The mixture was heated to 40-« O for 16 h at 
«, wWchpoJlLCanalysisoftheraactaonmixturaindicatedtheab^ 
r^materi.landitwascooledU,roomtemperature^Thes„v«^^^ 

under vacuum and the reddue was dnutedwxthwateraOO^^and 

extracted witt. eflier (2 x 100 mL) to remove any neutral mipunti«. Then, Uie 
eztracieu wim v hvdrochloric add and the product 

hasic aqueous layer was acidified with INhydrocmonc 

^5 was exLted with ethyl acetate (2 x 76 mW. It. «M 

After filtration of the drying agent, the sduUon ^ 
Ce^um «id the reddue was purified by dlica gel column ^omatograp^to 

Zi 4.2 g (68%) of W4^orobutyl)cyclopentane carboxyhc acid as a h<pnd 
30 «id 1.3 g (22%) of l-I4^methoxy)butyllcyclopentane carbMtyUc acid ^ 

^ous oil. HE MS (CUH20O3): Obs mass. 200.0176. Calcd mass, 200.0143 

(M+). 

example 46, the following analogues were prepared: 
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Example 



Startix^ 
material 

from 
Example 



R 



233 219 



Yield I Formula 



91 C26H30C12N2O4S 



234 232 



67 C28H34C12N205 



HRMSi 
calcd. fomxd 



537.1381 



235 209 



C26H29C12N504 



236 220 



H3C 



81 C28H34N206C12S 



237 221 



238 175 Y^c" 



74 



80 



C28H31N304C12 
C28H34N206G12S 



549.1923 



568.1 

(M+Na) 



619.1413 
(M+Na) 



537.1393 



549.1903 



568.1 
(M+Na) 



544.1770 

619.1413 
(M+Na) 



619.1404 

(M+Na) 



544.1765 

619.1404 
(M+Na) 
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241 


224 




52 


C26H26N204C12F2 






242 


225 




76 


C27H29N304C12 


530.1613 


530.1603 


243 


226 




73 


C29H34N206C12 


577.1852 


577.1854 


244 


227 




99 


C27H30C12N2O4 


517.1661 


517.1674 


245 


228 




67 


C25H25Ca2N304 


502.1300 


502.1299 


246 


214 


H 


85 


C25H26C12N604 


645.1471 


545.1454 



10 



15 



1. M+H ion unless otherwise indicated 

F.v«Tnr.le 247 . 4-[[(2.6-Didilorophenyl)carbonyl]anunol-N-[tl-[(2- 
morpholinyl)ethyl] cydopentylJcarbonyll-L-phenylalanine methyl ester was 
prepared from 4-[[(2,6-Dichlorophenyl)carbonyllaminol-L-phenylalamne 
methyl ester and l-[(2-morpholinyl)ethyl]cyclopentane carboxyUc acid usmg 
the general coupling procedure described in example 46 to provide a 62% yield. 
HRMS (C29H35C12N305): Obs. mass, 576.2531. Calcd. mass. 576.2582. 
(M+H). 

^^ple^. Preparation of 4-tl(2.6-dichlorophenyl)carbonyl]aminol-N-Hl-(4. 
hydroxybutyDcydopentyllcarbonyll-L-phenylalanine methyl ester. 

To a suspension of 4-[[(2,6-dichlorophenyl)carbonyllamino]-N-[ll-(3- 
butenyDcyclopentyl] carbonyll-L-phenylalanine methyl ester (3.13 mmol 1.62 
g) and anhydrous copper (D chloride (5.0 mmol. 500 mg) in THF (30 mL) ^s 
added solid sodium borohydride (5.0 mmol. 200 mg) at -5 over 5 min. After 
the addition, the reaction mixture was allowed to warm to room temperature 
and the brown reaction mixture was stirred for 36 hat which time TLC 

analysis of the mixture indicated the absence of starting material. Then, the 
excess hydride was quenched by the addition of water (5 mL) and the reaction 



PCT/EP98/05144 

WO 99/10313 -117- 

^ wa. U, 0 -C. To thi.. . «^u«» of sodium -^««^» '""^ 

«as added dro[»n«, mainteiDing tt» temperature below 10 C tlus was 
Mowed by IfcO, (25 mL. 80%). After addition of hydrogen P«^^^ 
reaction n>i^ was allowed to warm to room temperature 
5 fcr 3 b and followed by 1 h at 40^ 'C to complete the bydroly^ 
p„^ into a mixture of water (50 mW and ethyl acetate (50 mL)^ The 
Lers were separated and the a,ue«l3 h.y« was ertracted with ethyl a^« 
2 X 30 mL) The comined extracts were w«*ed with brine solubon and dned 
11"^^^ magnesimn sulfate. FUtration of the drying agent and^ovai 
of the soLnt gave a crude product which was purified by -l"- ^'^"^ 
chromatography to affoM 1.04 g (62%) of a white -"'^l'" 
(C27H32C12N205): Obs. mass, 536.1758. Calcd. mass, 535.1766, M+H). 

B„„„U.ii4fl-274 . The compounds shown below were prepared *e 
Hrres^diiTmethyi este™ according to the procedure given m example 47 . 



10 




15 




Example 


Starting 
Material 

from 
Example 


R 


Yield 
% 


Formula 


HKM 
calcd. 


SI 

found 


249 


233 




84 


C25H28C12N204S 


523.1225 


523.1230 


250 


234 




1 83 


C27H32C12N205 


535.1766 


535.1750 


251 


148 




66 


C25H29C12N303 


534.1562 


534.1577 
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1 M+H ion unless otherwise indicated 

dichloiophenyl) ««'»''y>l"™° " v «%2 6- 
10 (Acet,Ununo)propyncydopenyl '"'^"'I'tr; ester by hydrolysis 

diohlorophenyl)c.rbonyl).n*ol-I,ptonyl^ J ^ HE 

^ the general pro»d«re "^c^ Ls« 670.1539 (MH-Na). 

MS (C27H31012NS06): Oba m«B. 570.1833. Galea ma 

„ leiTl Generala^thodbrthepr.para.i-^f^'P'-^^^'*" 
„ ^^S^I^N^cyM^ph^ylala^eaerlvatl^. 
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To a solution of a 4-(8ubstituted)-N-acyl-L-phenylalanine (0.5 mmol) and 2- 
morpholinoethanol (0.131 g. 1.0 mmol) in THF (5 mL) was added 
diisopropylcarbodimide (94.6 mg. 0.75 mmol) and 4.dimethylaminopyridine 
(30.5 mg, 0.25 mmol) at room temperature. The resulting mixture was stirred 

5 at room temperature until time TLC analysis of the reaction mixture indicated 
the absence of add, typically 15 h. Then, the mixture was diluted with water 
(50 mL) and the THF was removed under vaccum and the residue was 
extracted with dichloromethane (3 x 25 mL). The combined extracts were 
washed with water (2 x 50 mL), brine solution (50 mL) and dried over MgS04. 

10 Filtration of the drying agent and concentration of the solvent gave a white 
residue which was purified by silica gel column chromatography eluting with 
dichloromethane-ethyl acetate mixtures to obtain the target product. 

TCirarn plPs 278-356 . Procedure for the preparation of 4-[(4R)-3-acyl-5-oxo-2- 
substituted-4-substituted-l-imidazolidinyll-N-[[l-[2- 
15 (acetylamino)ethyll<grclopentyl]carbonyll-L-phenylalanines 

A 250 mL flask was charged with 4-mtro-N-Fmoc-L-phenylalanine (20.7 g, 
47.8 mmol) and NMP (30 mL). The mixture was warmed up to accelerate 
dissolution. After it was cooled to room temperature, the mixture was treated 
with 2.6-dichlorobenzoyl chloride (20 g, 95.6 mmol) and pyridine (12 mL, 143.4 

20 mmol). This mixture was shaken for 5 min and was added to a suspension of 
Wang resin (21.7 g, 1.1 mmoVg) in NMP (60 mL). The mixtiire was then 
shaken at room temperature overnight. After removal of solvent by fUta-ation, 
the resin was washed with DMF (4 x 60 mL), MeOH (4 x 60 mL), DMF (4 x 60 
mL) and finally dichloromethane (4 x 60 mL). The resin was then dried under 

25 vacuum at room temperature overnight to give 34.27 g of resin with loading of 
0.668 mmol/g determined by the XJV method (Bany Bunin, The Combinatorial 
Index, p. 219 (Academic Press, 1998)). 



30 
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Step 2. 




The above resin (25.5 g) was treated with 160 mL of 20% pipendine m NMP 
and shaken for 15 min and was filtered. This process was then ^P««*«d 2 
times. The resin was then washed with DMF (4 x 100 mL), MeOH (4 x 100 
mL) DMF (4 x 100 mL) and finally dichloromethane (4 xlOO mL). The resin 
was'then dried under vacuum at room temperature overnight to give 22 g ot 



10 



15 



resm. 



20 



A portion of this free amine resin (13 g) was suspended in 80 ^ f^J^^ 
was treated with l-l-(2-azidoethyl)cyclopentene carboxyhc acid (4.8 g 2<^05 
rmnol) followed by DIEA (15mL) and BOP reagent (15.4 g, 34-2 nW) 'Hie 
reaction was shakenatroom temperature ovemi^t. ^fterm^ation, £he r^^ 
was washed with DMF (4 x 60 mL). MeOH (4 x 60 mL). DMF (4 x 60 mL) and 
Ziryichloromethane(4x60mL). The resin was then dried under vaonma 
atroomtemperatiireovemightt.giveazideresin. '^^^^-^ ^ ".^^ 
treatement with tidmethylphosphine (1.0 M in THF. 30 mL) in 20^ ofT^ 
at room temperature for 4 hr and then was treated with water (3 ^0 
nun. AfterLtration.theresinwaswashedwithDMF(4x60n^),]^H^- 
60 mL). DMF (4 X 60 mL) and finally dichloromethane (4 X 60 mL). 
was then dried under vacuum at room temperature overnight to give tree 
aminoethyl resin (13.19 g)- 

A portion of the above resin (6.3 g) was suspended in 'f^7^^!^^"^^ 
anTwas treated with acetic anhydride (2 mL. 21 mmol) and DIEA ^^-^^^ 
mmol). The above mixtrue was shaken at room temperature overm^t. After 
filtiration. tiie resin was washed with DMF (4 x 40 mL). MeOH (4 x 40 mL). 
DMF (4 X 40 mL) and finally dichloromethane (4 x 40 mL). The resm was 
then dried under vacuum at room temperatiire overnight to S^^^^^^ 
resin(6.27g). A small sample of resin was collected and tireated with 50% 
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DMF, 40 ni) at room temperature ovem«ht After hra- • 
, «a^eaw.thDMF<..«mU^H 4-0^^^ 
finaUydichlorometimne(4x40inL). Itwas men 

temperature overnight to g^^f-^^-^'""'?^;,^!^^ on resin (6.1 g). 
(acetylainino)ethyllcyclopentyllcarbonyll-L-phenylalanine 

Step 3. Combinatorial Library Synthesis 





° ^ . „^MIIl-l2-(a<»tjiM»ino)ethyllcyd»pentyl!calbonyil-L- 

The above free 4-ammo-N-lU-12 to each vessel was 

phenylalanineonre»nwas,j.Utmto5««^onv^^ 

^ed. ir. paranel. 8 mL of ^^^."^^e (C2). Fmoc- 
fcom: Pmoc-IH.h«ijtalanm. ^^^^ J^^^ (C4) and FmocD- 

alanine (C5). 2.25 nunol), HBTU (1.4 g, /o 

3^ mixture was sh^en at r^,m^a««^^^ 

eacl>vesselwa8filtered.wail»edwrtliDJD'(4i^ . 

DMF(4x20n^)and«n.nydidJ.rome*jme(4.M^ 

„ thenindrvidudlydriedundervacuumatroomte.^^^ 

i^ual Fmoo-D^ add •""^^rZ^^ 10 mL of 20* 
totAe. of resin obtained above was treated m Pf^'^ ^ 
piperidine in NMP under sbatog ^'^^^^^.^^ 

,.s then repeated two tn»es to pve ^ '"r^'pentyHcarbonyll^lKaRVi!- 
25 individual drying: N-lU-tiWaMtylannnojethjBcyelop 
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„:<„propyll«minol-L-ptanyWamne on Wang ''^f • 
<Jty.Lno,ethy«cyc«caHx,ny«-4.U<2K«..»^^ 

rerin. «,dN-[[l-IiWacetylannno)ethyncyclopentyllcarbonyn-4-l«2B).2 ammo 
l.<>»propyl)ammol-L-phenyUlanineonWangresm. 

mnm AccuTae - 100 (Jombinatorial Chemistry System (IKOW Accalag ± 
SS^^lhemistrySystsml^e technique for Ubelinga^ac^^ 

^nse of the reaction vessels referred .»he^m a. ^crol^»de-J^^ 

2 User's Guide, 1996, mOEI, 11025 North Torrey Pmes Boad La Jdla, CA 
« S;^rmOMi:registeredtr.demarkofIROM.mORI.Accut^.Mrcrok.n 

and Synthesis Manager are trademarks of mOBI. 

Each of the five resin derivatives was spUt into 16 Microkan. -^"*> 
frecraency tags to give a total of 80 Microkan reaction -^'^^^ 
SynUiesis Manager to read the f'^'^X^^— -ch 

f^^:asinaividnauyplacedmar^^^ 

» phenylpro^onaldehyde (A4) (20 x 1.33 mmoU. The above m.^ we^ 
".troomtemperatuT.fcr8d.y.U,fonnimineintermediates.After 

^ the «>lv.^t hy dec^itaaon. the gr«rps of Microkans were 
individuany washed with dry THF (2 X 20 mL). 

The resulting 80 Micr*ana were then sort«l into 4 ^l^^t^^^^ 
30 ™»p incorporating one e:tample of each of Are D-ammo a«ds (Cl to C 6) 
!::^^U>eac^ofUiefouraldehydesCAltoA4)accordmgtothetable 

shown below: 
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AcHN 



C'-l/A'-l 


C'-2/A'-l 


C'-3/A'-l 


C'-4/A'-l 


C'-5/A'-l 


C'-l/A'-2 


C'-2/A'-2 


C'-3/A'-2 


C'-4/A'-2 


C*-5/A'-2 


C'-l/A'-3 


C'-2/A'-3 


C'-3/A'-3 


C'-4/A'-3 


C-5/A*-3 


C'-yA'-4 


C*-2/A'-4 


C'-3/A'-4 


C'-4/A'-4 


C'-5/A'-4 



A'-l = phenyl 
A*-2 = 4-pyridyl 
A'-3 = 4-chlorophenyl 
5 A'-4 = 2-phenylethyl 



C'-l = benzyl 
C'-2 = 4-chlorobenzyl 
C'-3 = 3-pyridinylmethyl 
C'.4 = 4-methoxybenzyl 
C'-5 = methyl 



Each group of 20 Microkans was individually placed in a reaction vessel 
containing dry solvent (THF/methyl orthoformate = 1/1, 10 mL). To the first 
reaction vessel was then added acetic anhydride (Bl) (5.5 mmol) and the 
10 resulting mixture was shaken at 90 'C for 4 hr. The remaining three reaction 
vessels were individually treated with an anhydride: butryric anhydride (B2), 
succinic anhdride (B3) and phenoxyacetic anhyride (B4) and subjected to the 
same reaction conditions in parallel. After filtration, each of the four groups of 
Microkans was individually washed with DMF (4 x 40 mL). MeOH (4 x 40 

15 mL), DMF (4 x 40 mL) and finally dichloromethane (4 x 40 mL). The 

Microkans were then sorted into separate vials using the Synthesis Manager 
to identify each by means of the individual radio fireqency tags. Each vial was 
treated with cleavaging reagent 50% TFA/dichloromethane (2.5 mL). The 
vials were shaken for 2 hr at room temperature and the resulting mixtures 

20 were filtered. The filtrate from each reaction was concentrated to dryness to 
give the crude product which was then treated with ether under shaking at 
room temperature for 20 min. The suspension was allowed to stand at room 
temperature for 15-30 min and the ether was removed. The ether wash was 
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repeated and residues were dissolved in MeCN/H20 (2/1). A portion of this 
solution was set aside for analysis and the balance was freeze-dried to give 
crude products. The analytical samples were analyzed by LCMS using a 
Micromass platform H with a 5 min linear gradent (5% MeCN in water to 95% 
MeCN in water contain 0.01% of TFA) to determine purity while recording the 
MS spectra to verify the identiiy of the m^or peak. The subset of this library 
derived from 4-pyridylaldehide (A-2) was removed from the collection because 
of low purity scores. The remaining 60 members were purified by reversed- 
phase HPLC to give a library of imidazolidinones with purity greater than 
90%. During the separation, some of the diastereomers could be separated to 
give the diastereomers at the 2-position of the imidazolidine ring designated 
diastereomers 1 and 2 (based upon the order of elution) while others were 
assayed as mixtures of diastereomers. The molecular weights of these purified 
products were comfirmed by ESMS (M-H, M, or M+H) as shown in table below. 



RegNo 


MOLSTRUCTURE 


MS 


MW 


UOT# 


278 




667.0 (M-H) 


668.79 


30073-72A 


NCC011 


CH, 
Diasteraomer 1 








279 


OCH3 


667.0 (M-H) 


668.79 


30073-728 


NCC012 


i 

CH3 
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304 

NCC037 


9 

CHa 

Diastereomeric N/lixture 


702 (M) 


702^6 


30073-89 


305 
NCC038 


CH3 

Dtastereomeric Mixture 


731 .9 (M) 


732.24 


30073-90 


306 
NCC0039 


9 

CHa 

Diastereomeric Mixture 


764.0 (M-H) 


766.30 


30073-91 
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307 
NCC040 


o 

CH3 

Diastereomeric Mixture 


368.0 (M-f H) 


667.81 


30073-92 




308 
NCC041 


n 

CH3 

Diastereomeric Mixture 


696.1 (M+H) 


695.87 


30073-93 


309 
NCC042 


9 

HO2 C,^.*^N^ Ny 

0 J KJ^ 

1 JL OH 

CH3 

Diastereomeric Mixture 


726.1 (M+H) 


725.85 


30073-94 
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313 




B65.0(M-H) 


666.82 


30073-97A 


NCC046 


CHa 
Diastereomer 1 








314 


9 


667.0 (M+H) 


666.825 


30073-97B 


NCC047 


CHa 
Diastereomer 2 








315 


9 


695.0 (M-H) 


696.81 


30073-98A 


NCC0048 


1 L fl JL OH 

CH3 

1 Diastereomer 1 
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334 




S69.0 (^A-H) 


701.27 


30073-147 


NCC067 


Diastereomeric Mixture 








335 




729.0 (M-H) 


731.25 


30073-148 


NCC068 


CHa 

Diastereomeric Mixture 








336 




762.7 (M-H) 


765.31 


30073-1 49A 


NCC069 


i 

CHa 

Diastereomer 1 
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340 




764.3 (M>H) 


765.70 


30073-152 


NCC073 


CHa 

Diastereomeric Mixture 








341 




796.9 (M-H) 


799.76 


30073-153 


NCC074 


CHs 

Diastereomeric Mixture 








342 
NCC075 


CHa 

Diastereomer 1 


560.9 (M-H) 


562.67 


30073-1 54A 


343 
NCC076 


CH3 


561.0 (M-H) 


562.67 


30073-1 54B 
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348 
NCC081 


CHa 

Diastereomer 1 


S53.0(M-H) 


654.77 


30073-1 57A 


349 
NCC082 


CHa 

Diastereomer 2 


653.0 (M-H) 


654.77 


30073-1 57B 


350 
NCC083 


<^nhW 
CHa 

Diastereomic Mixture 


594.9 (M-H) 


597.1 


30073-144 


351 
NCC084 


IT Jl . JL^oH 

Diastereomer 1 


622.9 (M-H) 


625.17 


30073-159A 1 
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151 



356 
NCC089 



CH3 


686.9 (M-H) 


689.21 


30073-1 61 B 


Diastereomer 2 









v.v.mnlB 357 . Preparation of 4-[l(2.6-dichlorophenyl)carbonyllainino]-N-[ll-l(2- 
(methylsulfinyl)ethyllcyclopentyllcarbonyl]-L-phenylalanine. 

To a suspension of 4-[[(2,6-dichlorophenyl)carbonyl]ainino]-N-l[l-t{2- 
5 (methylthio)ethyl]cyclopentyl]carbonyl]-L-phenylalanine (0.095 mmol 50 mg) 

in ethyl acetate (4 mL) was added THF (1.5 mL) to afford a clear solution. 
Then, water (3 mL) and oxone (0.048 nmiol. 30 mg) was addedat room 

temperature, l^e mixture was stirred for 15 h at which time TLC -alysis 
the mixture indicated the absence of starting material. The sohd was collected 
XO byfiltrationandwashedwithwater.Thismaterialwaspurifi^byr^^^ 

phase HPLC to afford 26.3 mg (51%) of a white sohd: mp 255-258 C. im MS 
(C25H28C12N205S): Obs mass. 539.1187. Calcd mass. 539.1174 (M+H). 

E^asffil^. Preparation of 4.[l(2,6.dichlorophenyl)carbonyllaminol-N-[Il-[(2. 
[{methylsulfonyl)ethyl]cyclopentyllcarbonyll-L-phenylalanme. 

15 To a suspension of 4.[[(2.6.dicWorophenyl)carbonyllaminol.N-^^^^ 

(xnethylthio)ethyllcyclopentyllcarbanyl]-L-phenylalanine (0 095 mmol. 50 mg) 
in ethyl acetate (4 mL) was added THF (1 mL) to afford a clear solution, ^en. 
water (2 mL) and oxoue (0.019 mmol. 12 mg) was added at room temperatai«. 
The mixture was stirred for 15 h and the precipitated sulfoxide was collected 

20 by filtration and washed with water. Then, the solid was rediss^ved m acetic 
acid (2 mL) and treated with 30% hydrogen peroxide (0.7 mL). The mixture 
was stirred for 15 h at room temperature at which time the TLC «x^^ 
indicated the absence of sulfoxide. This mixture was dirertly P"^^^ 
reverse phase HPLC to afford 14 mg (66%) of a white sohd, ISf;^^/; ^ 
25 MS(C25H28C1206S):Obsmass. 577.0928. Calcd mass, 577.0944 (M+M a). 

SxaffiEla^- Preparation of 4.[(2.chloro-5.bromophenylcarbonyl)aminol.N- 
[(l,l-dimethylethyoxy)carbonyll-L-phenylalanine metiiyl ester.. 
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To a mixture of 4-aimno-N-l(lA-<iimethyletiioxy)carbonyl>I^phenylalanine 
methyl ester (20 nunol, 5.88 g), 2-chloro-5-bromobenzoic add (22 mmol, 5.18 g) 
and HBTU (22 mmol, 8.34 g) in DMF (70 mL) was added 
diisopropylethylamine (50 mmol, 8.7 mL) at room temperature. The 

5 suspension was stirred for 48 h at which time TLC analysis of the mixture 
indicated the absence of starting material. Then, the mixture was diluted with 
water (100 mL) and the soUds were collected by filtration and washed with 
water (150 mL). After air drying, the crude product was purified by silica gel 
column chromatography to obtain 1.02 g (10%) of a white soUd: mp 158-161 

10 'C. HR MS (C22H24BrClN205): Ob, 533.0442. Calcd mass, 533.0455 (M+Na). 

y.vair.«le360 . Preparation of 4-l(2-chloro-5-cyanophenylcarbonyl)aminol-N. 
[(l,l-dimethylethoxy)carbonyll-L-phenylalanine methyl ester. 

To a mixture of 4-[(2-chloro-5-bromophenylcaxbonyl)amino]-N-l(l,l- 
dimethyletho:Qr)carbonyl]-L-phenylalanine methyl ester (2 mmol, 1.02 g). zinc 

15 cyanide (1.3 mmol, 152 mg) and Pd(PPh3)4 (0.2 mmol, 231 mg) was added 

distilled and deoxygenated DMF (8 mL) at room temperature. The suspension 
was heated to 80-85 °C and stirred for 15 h at which time TLC analysis of the 
mixture indicated the absence of starting material. Then, the reaction mixture 
was cooled to room temperature and dUuted with ethyl acetate (70 mL) and 

20 washed with 20% aqueous ammonium hydroxide (50 mL). brine solution (50 

mL) and was dried over anhydrous magnesium sulfate. FUtration of the drying 
agent and concentration of the solvent gave a crude product which was 
purified by silica gel column chromatography to obtain 555 mg (61%) of a 
white soUd, mp 185-187 'C. HR MS (C23H24C1N305): Obs mass. 480.1301. 
25 Calcd mass. 480.1302 (M+Na). 

TCva.T,r.lP 361 . Preparation of 4-l(2-chloro-5-cyanophenylcarbonyl)aminol.L- 
phenylalanine methyl ester TFA salt. 

To a solution of 4-I(2-chloro-5-cyanophenylcarbonyl)aminol-N-[(l,l- 
dimethylethoxy)carbonyll-L-phenylalanine methyl ester (1.2 mmol. 0.55 g) m 

30 dichloromethane (12 mL) was added trifluoroacetic acid (3 mL) at room 

temperature. The reaction mixture was stirred for 15 h at room temperature 
at which time TLC analysis of the mixture indicated the absence of starting 
material. Then, the solvent was removed under vacuum and the residue was 
azeotroped with toluene (2 x 10 mL) and dried under high vacuum to afford 

35 0.43 g (100%) of a yellow soUd. HR MS (C18H16C1N303): Obs mass, 
358.0963. Calcd mass, 358.0959 (M+H). 
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Tr.v«mpl6 362 . Preparation of 4-l(2-chloro-5-cyanophenylcarbonyl)ainmol-N-lll- 
(2-methoxyethyl)cyclopentyllcarbonyll-L-phenylalanine methyl ester. 

To a solution of 4-l(2-chloro-5-cyanophenylcarbonyl)aniinol-L-phenylalanine 
methyl ester TFA salt (0.55 mmol, 0.35 g). HBTU (0.65 mmol. 0.24 g) and l-(2- 

5 metho^grethyDcyclopentane carboxylic add (0.65 mmol, 0.11 g) in DMF (3 mL) 
was added diisopropylethylamine (1.65 mmol, 0.29 mL) at room temperature. 
The clear solution was stirred for 15 h at room temperature and diluted with 
50 mL of ethyl acetate. Then, the ethyl acetate layer was washed successively 
with 0.5N hydrochloric acid (2 x 20 mL), saturated sodium bicarbonate 

10 solution (2 X 20 mL) and brine solution and was dried over anhydrous 

magnesium sulfate. Filtration of the drying agent and concentration of the 
solvent gave a crude product which was purified by silica gel column 
chromatography to afford 0.25 g (87%) of a white soUd: mp 172-175 "C. HR MS 
(C27H30C1N3O5): Obs mass, 512.1949. Calcd mass, 512.1953 (M+H). 

15 y.^«Tn plft 363 . Preparation of 4-[(2-chloro-5-cyanophenylcarbonyl)aminol-N- 
[[l-(2-methoxyethyl)cyclopentyl]carbonyl]-L-phenylalanine. 

To a mixture of 4-[(2-chloro-5-cyanophenylcarbonyl)aminol-N-[Il-(2- 
methoxyethyl) cyclopentyl]carbonyll-L-phenylalanine methyl ester (0.1 mmol. 
51 mg) and lithium iodide (1.0 mmol, 133 mg) was added pyridine (2 mL) at 

20 room temperature. The solution was refluxed for 15 h at which time TLC 
analysis of the mixutre indicated the absence of starting material. Then, the 
mixture was cooled to room temperature and diluted with water (15 mL) and 
the bulk of the pyridine was removed under reduced pressure. Then it was 
extracted with ether (2 x 15 mL) to remove any neutral unpurities. The 

25 aqueous layer was acidified with IN HCl and the precipitated white sohd was 
collected by filtration and washed with 20 mL of water and 20 mL of hexane. 
After air-drying, the crude product was crystallized from acetonitrile to afford 
20 mg (40%) of a white soUd: mp 169-172 "C. HR MS (C26H26C1N305): Obs 
mass, 498.1802. Calcd mass, 498.1795, M+H). 

30 Tr.^«TnT.I..3fi4 . Preparation of 4-[[(2,4-dimethylpyridin-3-yl)carbonyllamino]-N- 
ltl-l4-(methylsulfonyl)butyllcyclopentyllcarbonyll-L-phenylalanine. 

a. To a solution of 2,4-dimethylpyridinecarboxyUc add (0.6 mmol, 102 mg) in 
dichloromethane (3 mL) was added a drop of DMF and oxalyl chloride (0.78 
mmol, 99 mg) at 0 "C (ice bath). The solution was stirred at this temperature 
35 for 30 min, warmed to room temperature and stirred for an additional 1 h. 
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Then, the solvent and excess oxalyl chloride was removed under vacuum and 
the residue was dried xmder high vacuum. To this 4-amino-N-Ill-[4- 
(methylsulfonyl)butyl]cyclopentyl]carbonyl]-L-phenylalanine methyl ester (0.5 
mmol, 212 mg) was added and the mixture was dissolved in dichloromethane 

5 (5 mL). To this dear solution was added DIPEA (2.0 mmol, 0.258 g) at room 
temperature. The mixture was stirred for 15 h at which time TLC analysis of 
the mixture indicated the absence of starting material. Then, the mixture was 
diluted with dichloromethane (20 mL) and water (100 mL). The two layers 
were separated and the organic layer was washed with saturated sodium 

10 bicarbonate solution (20 mL), brine solution (30 mL) and dried over anhydrous 
magnesium sulfate. Filtration of the drying agent and removal of the solvent 
gave a crude product which was purified by silica gel column chromatography 
to afford 0.232 g (80%) of a white soUd. HR MS (C29H39N306S): Obs. 
mass,558.2629. Galcd. mass, 558.2638, M+H). 

15 b. Preparation of 4-[l(2,4-dimethyl-3-pyridinyl)carbonyllamino]-N-[[l-[4- 
(methylsulfonyl)butyll<grclopentyllcarbonyl]-L-phenylalanine. 




TFA 



NaOH. EtOH 
45-50 "C. 3 h 




CagHsgNsPeiS 

Mol. WL: 557.70 



CaaHsrNaOeS 
Mol. Wt: 543.68 



Using the procedure described in example 47, 4-[l(2,4-dimethyl-3- 
pyridyl)carbonyllamino]-N-[Il-I4-(methylsulfonyl)butyl]cyclopentyl]carbonyll- 

20 L-phenylalanine methyl ester prepared above was hydrolyzed in 88% yield to 

give a white soUd. HR MS (C28H37N306S): Obs. mass, 544.2471. Calcd. 

mass, 544.2481 (M+H). 

ETtamnle 365 . 4-l(4R)-3-acetyl-5-oxo-2-phenyl-4-(phenylmethyl)-l- 
imidazolidinyl]-N-[[l-[4-(methylsulfonyl)butyllcyclopentyl]carbonyll-L- 

25 phenylalanine. 

a. Synthesis of N-l(l,l-dimethylethoxy)carbonyl]-4-[[(2R)-2-amino-l-oxo-3- 

phenylpropyl]aminol-L-phenylalanine methyl ester 
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To the solution of 4.aimno.N4(l.l-dimethylethoxy)carbonyll-I^phenylalanme 
methyl ester (5.09 g, 17 nimol) in DMF (60 mL) was added Fm-^"^ 
Phenylalanine (8.70 g, 22.5 mmol). DIPEA (12 mL, 69 mmol) and IfflTU (8.50 
g 22 5 mmol). The mixture was then stirred at room temperature for 4 h. 
5 -ke reaction mixture was dUuted with water (150 mL) and the light yellow 
solid which precipitated was collected by filtration. This soUd was then 
redissolved in 60 mL of acetone and the solution was treated with 100 mL of 
water The solid was collected by filtration and was washed with IN HCl. 
K2O After drying at 60 »C under vaccum overnight, a light yeUow sohd was 
10 obtained (13.2 g). A portion of this solid (2.51 g. 3.78 mmol) was dissolved m 
15 mL of DMF and to the solution was added 1.5 mL of piperidine. The above 
solution was stirred at room temperature for 45 min. After removal of the 
solvent, the residue was recrystilUzedfi^jm ethyl acetate-hexane to give N- 

[(ll-dimethylethoxy)carbonyll-4-[[(2R)-2-amino-lM>xo-3-phenylpropyll^ 
15 L-phenylalanine methyl ester (1.36 g, 3.0 mmol ) in 81.5 % yield. LR MS 442 
(M+H). 

b. Synthesis of 4- (3-acetyl-5-oxo-2-phenyl-4.phenylmethyH-inudazoHdinyl)- 
N-[(l,l.-dimethylethoxy)carbonyll-L.phenylalanine methyl ester 

A solution of above amine (1.48, 3.35 mmol) and benzaldehyde (376 id, 3.7 
20 mmol) in dichloromethane (10 mL) and methyl orthoformate (10 mL) was 
stirred at room temperature for 3 days. The reaction flask was then warmed 
to 90- C and acetic anhydride (neat, 1.8 mL) was added. The resulting 
mixtiire was stirred at 110" C for 4 hr. The solvent was then evaporated and 
crude product was purified by siUca gel chromatography (ethyl acetate:h««ne 
25 =11) to give 4-(3-acetyl-5-oxo.2-phenyl-4.phenyhnethyl-l-imidazohdmyl)-N- 
t(l 1 -dimetiiylethoxy) carbonyll-L-phenylalanine methyl ester diatereomer 1 
(417 mg) and diastereomer 2 (1.25 g) These compounds are diastereomeric at 
the 2.position of the imidazoUdinone ring. Both diastereomers gave LR MS 
(C33H37N306): 572 (M+H). 
30 c.4-(3-acetyl-5-oxo-2-phenyl-4-phenylmethyH-imidazoUdinyl)-N-Kl,l.- 
dimethylethoxy) carbonyll-L-phenylalanine methyl ester (Diastereomer 1) 
(415 mg. 0.7 mmol) was treated with 10 mL of 4N HCl in dioxane at room 
temperature for 2 hr. After removal of solvent, tiie residue was dned 
overnight under vacuum. The residue (241 mg. 0.471 mmol) was dissolved m 
35 DMF (4 mL) and was ta-eated with l-(4.methylsulfonyl)butyl)cyclopentane 
carboxylic acid (153 mg, 0.617 mmol). HBTU (234 mg. 0.617 mmol) and DIEA 
(246 pL, 1.42 mmol) at room temperatiore for 4 hr. The mixtiire was diluted 
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with 30 mL of ethyl acetate, the mixture was washed with IN HCl, water and 
brine ( 8 mL each). After it was dried over MgS04, the solvent was removed 
and the residue was filtered through siUca gel eluting with ethyl 
acetate:hexane = 4:1 to give 4-(3-acetyl-5-oxo-2-phenyl-4-phenyhiiethyl-l- 
S imidazolidinyl)-N-[[l-l4-(methyl-sulfonyl)butyl]cyclopentyllcarbonyll-L- 
phenylalanine methyl ester diastereomer 1 (147 mg, 0.2 mmol) in 44% yield. 
LRMS:702(M+H). 

d.4-(3-acetyl-5-oxo-2-phenyl-4-phenylmethyl-l-imidazoUdinyl)-N-l[l-[4- 
(methylsulfonyl) butyl] cyclopentyllcarbonyll-L-phenylalanine methyl ester 
diastereomer 1 (90 mg, 0.128 mmol) in EtOH (3 mL) was treated with NaOH 
(IN, 0.3 mL) at room temperature for 30 min. The resulting solution was 
acidified with 1 drop of HOAc and was purified by HPLC (C-18. linear gradent 
from 5% acetonitrile to 95% in water over 30 min) to give 84 mg (95%, 0.122 
mmol) of 4-(3-acetyl-5-oxo-2-phenyl-4.phenyhnethyl-l-imidazoUdinyl)-N-[ll- 
[4-(methylsulfonyl)butyll cyclopentyllcarbonyl]-L-phenylalanine diastereomer 
1. LR MS: 688 (M+H). 

Example 366. 4-[(4R)-3-Acetyl-5-oxo-2-phenyl-4-(3-pyridinylmethyl)-l- 
imidazoUdinyll-N-[(l-phenylcyclopentyl)carbonyl]-L-phenylalaninewas 
prepared fi-om Fmoc-D-3-pyridinylalanine, benzaldehyde and 4-amino-N- 
[(l,l-dimethylethoxy)carbonyl]-L-phenylalanine methyl ester using the 
general procedure described in example 365. 

MS: 631 (M+H) 

Example 367. Preparation of 4-(5-bromo-1.3-dioxo-2H-i8oindol-2-yl)-N-I(l,l- 
dimethylethoxy)carbonyll-L-phenylalanine methyl ester. 

To a suspension of 4-amino-N-Kl,l-dimethylethoxy)carbonyll-L-phenylalanine 
methyl ester (6.78 mmol. 1.99 g) in dichloromethane (90 mL) was added a 
solution of 4-bromophthalic anhydride (6.78 mmol. 1.54 g) in dichloromethane 
(30 mL) and l,l'-carbonyldiimidazole (6.78 mmol, 1.1 g) at room temperature. 
The resulting solution was stirred for 15 h at which time TLC analysis of the 
mixture indicated the absence of starting material. The mixture was diluted 
with water (100 mL) and layers were separated. The aqueous layer was 
extracted with dichloromethane (2 x 100 mL) and the combined extracts were 
washed with brine solution and dried over anhydrous magnesium sul&te. 
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Filtration of the drying agent and concentration of the solvent under vacuum 
gave a crude product which was purified by silica gel column chromatography 
to obtaine 2.4 g (70%) of a white soM: mp 168-170 »C. HR MS 
C23H23BrN206): Obs mass, 525.0656. Calcd mass, 525.0637 (M+Na). 

5 Example 368. Preparation of 4-(5-cyano.l.3-dioxo-2H-isoindol.2-yl)-N- 1(1.1- 
dunethylethoxy) carbonyil-L-phenylalanine methyl ester. 

To a mixture of 4-(5-bromo)l,3-dio»)-2H-isoindol-2-yl)-N-[(l,l- 
dimethylethoxy)carbonyll-L-phenylalamne methyl ester (0.5 mmol, 0.25 g). 
zmc cyanide (0.3 mmol, 35 mg) and Pd(PPh3)4 (0.05 mmol. 57.7 mg) was added 
10 distilled and deoxygenated DMF (2 mL) at room temperature. The suspension 
was heated to 80-85 »C and was stirred for 15 h under argon an atmosphere. 
At this time TLC analysis of the mixture indicated the absence of startmg 
material. The reaction mixture was cooled to room temperature and was 
diluted with ethyl acetate (50 mL) and was washed with 20% aqueous 
15 ammonium hydroxide (50 mL) and brine solution (50 mL) and was dried over 
anhydrous magnesium sulfete. Filtration of the drying agent and 
concentration afforded a crude product which was purified by siUca gel column 
chromatography to afford 170 mg (75%) of a white solid. HR MS 
(C24H23N306): Obs mass, 472.1472. Calcd mass, 472.1485 (M+Na). 

20 Exmaple 369. Preparation of 4-(5-cyano-l,3-dioxo-2H-isoindol-2-yl)-L- 
phenylalanine methyl ester TFA salt. 

To a solution of 4-(5-cyano-l,3-dioxo-2H-isoindol-2-yl)-N-[(l,l- 
dimethylethoxy)carbonyll-L-phenylalanme methyl ester (1.33 mmol, 0.6 g) m 
dichloromethane (12 mL) was added trifluoroacetic acid (3 mL) at room 
25 temperature. The reaction mixture was stirred for 15 h at room temperature 
at which time TLC analysis of the mixture indicated the absence of startmg 
material. The solvent was removed under vacuum and the residue was 

azeotrophed with toluene (2 x 10 mL) and dried under high vacuum to affoi^ 
0.46 g (100%) of a yellow solid. HR MS (C19H15N304): Obs mass, 350.0156. 
30 Calcd mass, 350.0183 (M+H). 

Example 370. Preparation of 4-K4-«ryano)l,3-dioxo-2H-isoindol.2-yil-N-I[l-(2- 
methoxyethyl) cyclopentyllcarbonyll-L-phenylalanine methyl ester. 

To a solution of 4-(5-cyano-l,3-dioxo-2H-isoindol-2-yl)-N-l(l,l- 
dimethylethoxy)carbonyl]-L-phenylalanine methyl ester TFA salt (0.65 mmol, 
35 0.22 g), HBTU (0.7 mmol, 0.26 g) and 1^2-methoxyethyl)cyclopentane 
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carboxyUc add (0.7 mmol. 0.12 g) in DMF (3 xnL) was added 
^p^pyletixylaniine (2.0 nunol. 0.35 mL) at rooxn tenxperat^e. cl^ 
solution was stirred 24 h at rooxn temperature and was diluted wx^ 50 mL of 
ethyl acetate. The ethyl acetate layer was washed successxvely wxih 0^ 
5 hydLhloricacid(2x20na.).saturatedsodiumbicarbonatesolution(2x20 

xl), brine solution and was dried over anhydrous magnesium sulfete. 
Filtration of tlxe drying agent and concentration of the -Ivent gave a 
product which was purified by siUca gel column chromato^aphy to obtam 0.25 
gC%) of a white soHd: mp 122-126 'C. HR MS (C26H29N306): Obs mass. 
10 504.2135. Calcd mass, 504.2134 (M+H). 

E^^^. Preparation of 4-(5-cyano-l,3-dioxo-2H-^^^^ 
methoxyeti^l)cyclopentyllcarbonyl]-I.phenylalanme (Ro 27-5853/000, 29156 

154). 

To a mixture of 4-(5-cyano-l,3.dioxo-2H.isoindol-2.yl>N-lll-(2. 
15 methoxyethyl)cydopentyllcarbonyll-I.phenylalaninem.e^^^ 

151 mg) and Uthium iodide (3.0 mmol. 397 mg) was added py^<hne (6^) at 
„K>xr^mperature. The solution was refluxed for 15 h at ^^f'^^J^ 
analysis of the mixutre indicated the absence of -^-^^^^^^'f^-^^r';* 
was cooled to room temperature and diluted ^^^"^^'^^^^1^^^ 
20 of the pyridine was removed by concentration under reduced pressure. The 
residue was extracted with ether (2 x 15 mL) to remove any neutral 
^^ties. The a<^eous layer was acidified IN f J^"', 
wlSte soUd was collected by filtration and washed with ^0 o^w^r^d 
nxL of hexane. After air-drying, the crude product P^f ^^'^j^ 
25 phase HPLC to afford 50 mg (34%) of a white solid. ^^^^If^^ ^ 
(C27H27N306): Obs mass. 490.1990. Calcd mass. 490.1978 (M+H). 

Examt)le372 4-[l(2.4-Dimethyl-3-pyridinyl)carbonyllaminol-N-lll-[4- 

prepaL using the general method described in example 123 atartmg w.tb 4- 
30 ll(2,4-dimethylpyridin-3-yl)carbonyl]anmu.l-N-lll-[4- 

(metbylsulfonyUbutyileydopentyllcarlxniyll-I-phenylalamne. 

EsmElaaia. 4-lK2,6-IMchlorophenyl)carlx.nyllaimnol-N-[[l-<2- 

o«th<«yethy.)cyclopen.yll ■-'-^"-'''^-^".'^^'^rKri 
using the general meW described in e«mpl. 123 startmg '"'l' 
35 dichferophenyl)caAonyll.nun.l-N-l[W2.ma.ho:^.hyl) cydopentyllcarbonyll- 

L-phenylalanine. 
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y.iram ple 374 . 4-[f(2.6-Dichlorophenyl)carbonyllamino]-N-[[-l-[4- 
(methylsulfonyDbutyl] cyclopentyllcarbonyll-L-phenylalanine ethyl ester was 
prepared using the general method described in example 123 starting with 4- 
[[(2,6-dichlorophenyl)carbonyllamino]-N-[l-l-l4- 
5 (inethylsulfonyl)butyl]cyclopentyllcarbonyl]-L-phenylalanine. 

TC^amnle 375 . 4-[(4R)-3-acetyl-4-(phenylmethyl)-5-oxo-2-phenyl-l- 
inndazoUdinyl]-N-lll-[4-(methylsulfonyl)butyllcyclopentyllcarbonyll-L. 

phenylalanine ethyl ester was prepared using the method described m 
example 123 from 4-K4R)-3-acetyl-4-(phenylmethyl)-5-oxo-2-phenyl-l- 
10 imidazolidinyll-N-l[l-l4.(methylsulfonyl)butyllcyclopentyllcarbonyl]-L- 

phenylalanine. 

F.^amr>1e 377 . 4-[[(2,6-Dichlorophenyl)carbonyllamino]-N-[[l-(2- 
methoxyethyDcyclopentyll carbonyll-L-phenylalanine 2^4.morpholino)ethyl 
ester was prepared using the general method described in example 277 
15 starting with 4-[[(2,6-dichlorophenyl)carbonyl]amino]-N-l[l-(2- 
methoxyethyDcydopentyllcarbonyll-L-phenylalanine. 

Tr.^»n.nle378 . 4-l(2,4-Dimethyl-3-pyridinyl)carbonyllamino]-N-l-I(4- 
methylsulfonyDbutyll cydopentyllcarbonyl-L-phenylalanine 2-(4- 
morpholino)ethyl ester was prepared from 4-[(2,4-dimethyl-3- 
20 pyridinyl)carbonyl]aminol-N-l-l(4-methylsulfonyl)butyllcydopentyl]carb^^^^^ 

L-phenylalanine using the procedure described in example 277. 

E2g3BEl&Ma.4-[l(2,6-dichlorophenyl)carbonyl]aminol-N-[Il-[4- 
(methylsulfonyDbutyll cyclopentyl]carbonyl]-L-phenylalanine 2-(4- 
morpholino)ethyl ester was prepared from 4-l[(2,6- 
25 dichlorophenyl)carbonyllaminol-N-lll-l4- 

(methylsulfonyDbutyllcydopentyllcarbonyll-L-phenylalanine using the 

procedure described in example 277. 

F.^»m p1e 380 . 4-l(4R)-3-acetyl-4-(phenyhnethyl)-5-oxo-2-phenyl-l- 
inudazolidinyll-N-[[l-l4-(methylsulfonyl)butyllcydopentyllcarbonyll-L- 
30 phenylalanine 2-(4-morpholino)ethyl ester was prepared from 4.[(4R)-3-acetyl- 
4-(phenylmethyl)-5-oxo-2-phenyl-l-imidazoUdinyll-N-[Il-I4- 
(methylsulfonyl)butyl]cyclopentyl]carbonyll-L-phenylalanine usmg the 

procedure described in example 277. 

Riram ple 380a . 4-It(2,6-Dichlorophenyl)carbonyllaminol-N-lll-(2- 
35 methoxyethyDcydopentyll carbonyll-L-phenylalanine 2-(N^- 
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diethylammo)ethyl ester was prepared using the general method described in 
example 277 starting with 4-[[(2,6-dichlorophenyl)carbonyllamino]-N-l[l-(2- 
metho^ethyDcyclopentyllcarbonyll-L-phenylalanine. 

ir,v«mp1«. 381 . 4-r(2.6-Dimethyl-4-trifluoromethyl-3-pyridinyl)carbonyl]aminol- 
5 N-[ll-l4-(methylsulfonyl)butyl]cyclopentyl]carbonyl]-L-phenylalanine was 
prepared from 4-amino-N-l[l.l4-(methylsulfonyl)butyl]cyclopentyl]carbonyl]-L- 
phenylalanine methyl ester and 2,6-dimethyl-4-trifluoromethyl-3-pyridine 
carboxyUc acid using the general procedure described in example 364. 
TCv..^ plft 382 . Preparation of 4-trifluoromethyl-5-pyrimidine carboxyUc acid. 

10 A solution of 2-chloio-4-trifluoromethyl-5-pyrimidine carboxylic acid benzyl 
ester in cyclohexene (3 mL, 30 mmole) and ethanol (9 mL) was treated with 10 
% paUadium on carbon and the resulting mixture was heated to reflux for 1 h. 
The mixture was cooled to room temperature and filtered through a pad of 
Celite and concentrated to give a quantitative yield of a gunmiy, off-white 

15 soUd. LR ES MS (C6H3F3N202): 191 (M-H). 



F.v»TP p1fts .^3-387 . The 4-[[(heteroaryl)carbonyl]amino]-N-[Il-l4- 
(methylsulfonyDbutyll cyclopentyllcarbonyll-L-phenylalanine derivatives 

shown in the table below were prepared from 4-amino-N-[tl-[4- 
(methylsulfonyl)butylIcyclopentyl]carbonyl]-L-phenylalanine methyl ester 

the appropriate heteroaromatic carboxyUc acids using the general procedui 

described in example 34 



H 
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Exampl 
e 


R 


Yield 

% 


Formula 


LRMS 
(M+H) 


383 




16 


C26H31F3N406 
S 


507 


384 


CH3 


32 


C28H39N306S2 


578 


385 


^3 

CH3 


42 


C26H35N307S 


534 


386 


hhti 


37 


C30H37N5O6S 


596 


387 


9H3 


15 


C29H37N506S 


584 



10 



15 



i^^^ainple 388 . Preparation of 4-anuno-N-inethyl-N-[ll-(2- 
methoayethyl)<yclopentyllcarbonyll-L.phenylalanine methyl ester. 

To a mixture of N-[[l-(2-methoxyethyl)cyciopentyllcarbonyll-N-methyl-4-^^ 
L-phenylalanine methyl ester (1.35 mmol. 530 mg), zinc dust (-325 mesh, 13.5 
mmol. 0.88 g, 10 equiv.) and ammonium chloride (20.2 mmol. 1.08 g, 15 eqmv.) 
was added methanol (10 mL) and water (5 mL) at room temperature. After 
addition of water, the reaction was exothermic. The suspension was starred for 
2 h at room temperatiire at which time TLC analysis of tixe mixture mdicated 
the absence of starting material, the reaction mixtinre was filtered through a 
pad of celite and the filter cake was washed witii methanol (50 mL) and water 
(40 mL). The mixture was concentarated and extracted witii ethyl acetate (3 x 
30 mL). The combined extracts were washed witii brine solution (30 mL) and 
dried over anhydrous magnesium sulfate. Filtaration of the drying agent and 
concentration of tiie solvent afforded 490 mg (100%) of a yellow oil. HR MS 
(C20H30N2O4): Obs. mass,362.2202. Calcd. mass. 362.2206 (M+). 
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IsaffiElaafia. 4.ll(2.6-mchlorophenyl)carbonyllaini^^^ 

metho^ethyl) cyclopentyllcarbcmyll-L-phenylalanme methyl ester was 

prepared fi»m of 4-ainino-N-methyl-N-[ll-(2- ^ 
LLKyethyl)cyclopentyllcarbonyll-L-phenylalanine methyl este^^ 

5 metho^cyeU^yDcyclopentanecarboxylicaddush^theg^^^^^^^ 
described in example 44 to afford a 64% yield of a 

(C27H32C12N205): Obs. mass, 535.1742. Calcd. mass. 535.1766 (M+H). 
^S^^. 4-[[(2,6^icWorophenyl)carbonyllamino]-N-methyl-N-[ll^^^^ 
meitoxyeZl) cyclopentyllcarbonyll-L-phenylalaniBe was prepared from 4- 

10 [[(2,6-dichlorophenyl) carbonyl] amino]-N-Ul-(2- 

l;.o:.yethyl)cydopentyllcarbonyll-N-methy^^^^^^^ 

using Ze general procedure described in example 47 to gave a 43% yield of a 
rhitesoM.HRMS(CaaH3aC1^.0s): Obs. mass. 519. 1453. Calcd mass. 519. 

1454 (M-H). 

15 Es^Iffil^. Preparation of l-(2.me1^oxyethyl)^^ 
methyl ester. 

To » soluaon of diisopropylanune (21 nO. 160 nm»,l) in THF (100 mL) w« 
added dropwise a solution of BUdmn (68 n>L, 1« -nn^J) m ho^es .t 

.10 -C while maintaining U« temperature below 0 'C. After addition, the 
20 solution was stirred fer 30 min at 0 -C. To this, a solution »f 

eydopentane csrbo^late (12.8 g, 100 mmol) in THF (20 -L)was «ided 
dropwise at -70 -C maintaining U.e internal ^^f^^^^^^'C 
After addition, the reaction mixture was stirred fer 30 "^^^ -^^j 
Then, a solution of 2-mea«»y ethyl taomHe (12.5 g. 90 mmo«m THF (20^^ 

^ was added dropwise and the brown suspension was .tined 30™n at 
-60 to -70 -C. Then, it was allowed to warm to room temperature and stored 
overnight. The reaction mixture was poured into a sati^ated solution of 
smmoLum dioride (260 mL) and was extracted with eti^er (2 x 100 mU ^ 
combined extracts were washed with a saturated solution of chlon^ 
30 (100mL,anddriedoveranhydrousmagnesiumsulfe«.Aft«~n^*. 
drying agent, the sotatio. was cmicentirated under vacuum to afford 16.66gof 

a. a Mack liquid. Distillation at 70-75 -01.6 mxn Hg afforded 
7 98 g of a colorless oU and a further 2.76 g as a light yeUow oU tor a total 
y^ of 10.74 g (64%). HK MS (C10H18O3): Obs. mass. 186.1257. Calcd. mass, 
35 186.1256 (M+). 

^j^BEl^. Preparation of l-(2-methoxyethyl)cyclopentanecarboxyUc acid. 
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To a solution of l-(2-methoxyethyl)cyclopentane carboxylate methyl ester 
(7.987 g, 42.9 mmol) in a mixture of THF (170 mL) and methanol (170 mL) 
was added 1 N sodium hydroxide (170 mL). The mixture was heated to 40 "C 
for 2 h at which point TLC (ether:hexane 1:1, iodine chamber) analysis 
indicated the absence of starting material and the mixture was cooled to room 
temperature. The solvent was removed under vacuum and the residue was 
diluted with water (100 mL) and was extracted with ether (2 x 200 mL) to 
remove any neutral impurities. The basic aqueous layer was acidified with 1 N 
hydrochloric acid and the product was extracted with ethyl acetate (2 x 100 
mL). The combined extracts were washed with brine solution and dried over 
sodiijm sulfate. After filtration of the drying s^ent, the solution was 
concentrated xmder vacuum and the residue was dried under high vacuum to 
afford 6.183g (82%) of a light brown oil. HR MS (C9H1603): Obs. mass, 
172.0154. Calcd. mass, 172.0126 (M+). 

F.v«m ple .^93 . Preparation of N-[(l,l-dimethylethoxy)carbonyll-4-nitro-L- 
phenylalanine methyl ester. 

To suspesion of of 4-nitro-N-[(l,l-dimethylethoxy)carbonyl]-L-phenylalanine 
(226.2 mmol, 70.2 g) and sodium carbonate (1.13 mol, 95 g) in DMF (500 mL) 
was added methyl iodide (1.13 mol, 70.4 mL) at room temperature. The 
suspesion was stirred for 15 h at room temperature at this time TLC analysis 
of the mixture indicated the absence of starting acid and the excess methyl 
iodide and some DMF were removed imder high vacuum. The residue was 
poured into water (2 L) and stirred at room temperature as a precipitate 
formed slowly over 72 h. The precipitated soUds were collected by filtration 

; and washed with water (2 L). After air and vacuum drying, 72 g (98%) of a 
Ught yellow solid, mp 95-96 'C were obtained. iR-NMR, (DMSO-ds) (400 MHz) 
8 8.16 (d, 2H, J = 20 Hz), 7.53 (d. 2H, J = 20 Hz), 7.39 (d, IH, J = 22 Hz), 4.26- 
4.28 (m, IH), 3.6 (s. 3H), 2.96-3.19 (m, 2H), 1.25 (s, 9H). i^C NMR, CDCI3 (100 
Mhz) 8 172.04, 155.29, 146.27, 145.96, 130.48, 123.18, 78.36, 54.44, 51.9, 36.1, 

) 27.99. HR MS: Obs. mass, 325.1404. Calcd. mass, 325.1400 (M+H). 

TCvaTTiplft aft4 . Preparation of of 4-amino-N-[(l,l-dimethylethaxy)carbonyl]-L- 
phenylalanine methyl ester. 

To a mixture of of N-[(l,l-dimethyletho3qr)carbonyll-4-nitro-L-phenylalanine 
methyl ester 
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(222 mmol, 72 g), zinc dust (-325 mesh, 2.2 mol, 145.2 g. 10 equiv) and 
ammonium chloride (3.3 mol, 178.1 g, 15 equiv) was added methanol (1 L) and 
water (500 mL) at room temperature. After addition of water, an exothermic 
reaction ensued and the internal temperature rose to 45 to 50 'C. The 

5 suspension was stirred for 30 min to 1 h at room temperature, at which tune 
TLC analysis of the mixture indicated the absence of starting material, and 
the reaction mixture was filtered through a pad of ceUte and the filtered cake 
was washed with methanol (1 L) and water (500 mL). Concentration to remove 
most of the methanol afforded white solid which was collected by filtration and 

10 washed with water. After air drying, 65.5 g of a white solid, mp 86-89 'C was 
obtained. ^H-NMR (DMSO-de) (400 MHz) 5 6.9 (d, 2H, J = 20 Hz). 6.62 (d, 2H. 
J = 20 Hz). 7.39 (d. IH, J = 22 Hz). 4.26-4.28 (m, IH). 3.68 (s, 3H), 2.96-3.19 
(m, 2H). 1.25 (s, 9H). HR MS: Obs. mass. 294.1614. Calcd. mass, 294.1621 
(M+). 

15 Example 395 . Preparation 4-l[(2.6-dichlorophenyl)carbonyl]amino]-N-l(l,l- 
dimethylethoxy)carbonyll-L-phenylalanine methyl ester. 

To a solution of 4-amino-N-[(l,l-dimethylethoxy)carbonyll-L-phenylalanine 
methyl ester (127.6 mmol, 37.57 g) and 2.6-dichlorobenzoyl chloride (140.6 
mmol. 29.45 g) in dichloromethane (350 mL) was added diisopropylethylamme 
20 (192 mmol, 33.4 mL) at room temperature. The brown solution was stirred for 
15 h at room temperature to afford a white suspension. At this time, TLC 
analysis of the mixture indicated the absence of starting material. The sohds 
were collected by filtration and were washed with dichloromethane (150 mL) 
and air dried to obtain 52.75 g (88.4%) of a white soUd: mp 192-194 'C. ^H 

25 NMR (DMSO-de) (400 MHz) S 10.68 (s, IH). 7.47-7.6 (m. 5H), 7.2-7.29 (m, 
3H), 4.12-4.17 (m, IH). 3.62 (s. 3H). 2.79-2.99 (m, 2H), 1.33 (s, 9H). ^ NMR, 
CDCls (100 Mhz) d 172.49, 161.82, 155.37, 136.99, 136.36. 131.28, 131.16, 
129.48, 128.19, 119.31. 78.27, 55.3, 51.76, 35.9, 27.77. HR MS: Obs. mass, 
466.1069. Calcd. mass, 466.1062). 

30 Rvample 396 . Preparation of 4- [[(2,6-dichlorophenyl)carbonyllaminol-L- 
phenylalanine methyl ester hydrochloride salt. 

SoUd4-[[(2,6-dichlorophenyl)carbonyllaminol-N-Kl,l- 

dimethylethoxy)carbonyll-L-phenyl alanine methyl ester (92.97 mmol, 43.45 g) 
in dioxane (90 mL) was treated with 166 mL of 4.0 N hydrochloric acid m 
35 dioxane at room temperature. After 5 minutes, the solids went into solution 
and the mixture was stirred for 2 h. The reaction mixture was concentrated a 
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~U<m s^P and 260 of ethyl ether was added. A gum was 
"^UZi in THF (100 =0.) and methanol (100 nO.). -"-^ 
„n«ved under vacuum obtain 43.7 (100%) ot;""f "L'^) 7 58 
« NMB (DMS(>d,) (400 MHz) 5 10.81 (a. IH). 7.76 (d, 2H. J = 22 7.58 
: ^ m. J = 18 Hz). 7.51 (t, IH. J = 15 Hz). 7.24 (d. 2H. J = ^HzW^^^26 (m. 
,m S56(s 3H) 3 14^.17 (m.2H).>»CNMR.CDCb (100 Mhz)d 169.03, 
« :72 I37S 11. 131.lt 130.95, 129.93 129.79, 
52.6. 35.13. HE MS {C17H16C12N203.Ha): Oba. mass, 367.0611. Calod. 

mass, 

367.0616 (M+H). 

0 E^aiBd^- P«P«ation of 4.U(2,6^orophenyl)carbonyllajmno!-N.[ll-<2. 
methozyethyi)cyclopentyl)carl»nyll-L.phenylalann« methyl ester. 

To a soluUon of 4.[l(2.6^ddorophenyl)carl»nyllaminol-L.ph«.ylalamne 
methyl ester hydrochloride salt (43.03 mmol, 11.76 g) and l-(2- 
methLyethyllcydopentane carho^Uc acid (43.5 mmol, 7.6 g) m DMP 130 
.a mW Z added HBTU (43.5 mmol, 16.5 g) and diisopropylethyl^ (108.8 
mmol. 19.02 mW at room temperature. The dear solutxon f 
room temperature and was dUuted with 200 mLofeftylj^te^^^^ 
acetate layer was washed successively with 0.6 N hydiochJonc acri (2 x 100 
^r^l^ted sodium bicarbonate solutio. (2 x 100 mL), ^« — 
„ dried over anhydrous magnesium .ul0>te. Mtration ome ^^^l 
and concentration of the solvent gave «.86 g (84« of a wh.U sohi mp 
•C. m NMK (DMSCM,) (400 MHz) 5 10.66 (s, IH). 788 fJ^'-^^\ 
7.47-7.59 (m, 5H), 7.21 (d, 2H. J = 19 Hz), '■^''-^^'^J;^^^^ 
3 1 (m. 7H), 1.76-1.98 (m, 4H), 1.23-1.47 (m, 6H). HEMS C26H30C12N2O6). 
25 Obs. mass, 621.1686. Calcd mass, 621.1610 (M+H). 

Banoltaaa. Preparation of 4.1[(2,6-dichlo™phenyl)carbonyllaminol-N-[ll-(2. 
aethosyethyl)cydopentyllcarbonyU-I-phenylaIanme. 

To a ««penrion of 4.1K2,6-dichlorophenyl)ca.bonyllaminol-N-IIl-(2- 
methozyea-yl) cyclopentyllcarbonyll-L-phenylal.mne '^^^J^J^^'J^ 
30 mmol 10.52 g) in ethanol (80 mL) and tetrahydroSiran (10 mL) was added 
" Zi-1.0Nsodiumhydroride(80mL)atroomtempera^Thej^ 
wl heated to 50 -C and the resulting clear solution -as stored ov^m^t. 
Zl i^ ethanol solution was concentrated «>d diluted w..h "^^Z 
and ;as extracted with 200 mL of ether to r«nove n«.tral "^''^ 

36 aqueous Uyer was acidifled with IN Ha and the 

clectedbymtration.ndwashedwith200mI-ofwaterand200mLof 
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hexane. After air-diying, 8.4 g (82%) of as a white soUd: mp 136-140 'C was 
obtained, m NMR, DMSO-ds (400 MHz) & 10.64 (s, IH), 7.73 (d. IH. J = 22 
Hz). 7.46-7.59 (m, 5H), 7.22 (d, 2H, J = 22 Hz), 4.43-4.48 (m, IH), 2.87-3.11 (m, 
7H), 1.76-2.01 (m, 4H), 1.23-1.47 (m, 6H). HR MS (C25H28C12N205): Obs. 
5 mass, 507.1464. Calcd. mass, 507.1454 (M+H). 

f^ pmplft .^09 . Preparation of 3-(l-methyltetrazol-5-yl)benzyl chloride, 
a. Preparation of 3-chloromethylbenzoic acid. 

A 2 L, three-necked, round bottom flask equipped with a mechanical stirrer, 
thermometer and condenser with an open end (no nitrogen inlet tube was 

10 connected to avoid pressure build-up in the apparatus) was charged with 109 g 
(800 mmol) of m-toluic add and 320 mL of chlorobenzene. The mixture was 
heated to ca. 90 'C with a steam bath to give a homogeneous solution and 53.4 
g (400 mmol, 0.5 equiv) of N-chlorosuccinimide (NCS) and 800 mg (3.3 mmol) 
of benzoyl peroxide (BPO) were added. The yellow solution was stirred at ca. 

15 95 -C for 2.5 h. Then, 26.7 g (200 mmol, 0.25 equiv) of NCS and 400 mg (1.65 
mmol) of BPO were added and the mixture was stirred at 95 "C for 2.5 h. 
Then, a further 26.7 g (200 mmol, 0.25 equiv) of NCS and 400 mg (1.65 mmol) 
of BPO were added and the mixture was stirred at 95 'C for 2,5 h. To the 
reaction mixture was added 480 mL of water and the resulting suspension was 

20 allowed to cool to room temperature with stirring overnight. To the yellow 
slurry was added 480 mL of hexane. The resulting suspension was stirred at 
room temperature for 30 min, then filtered through a coarse sintered glass 
filter. The collected solid was washed thoroughly with 2 x 130 mL of water 
and then with 2 x 130 mL of hexane, and dried by suction for 2.5 h. The solid 

25 was then suspended in 800 mL of water and the mixure was heated on a 
steam bath for 30 min. After standii^ at room temperature overnight, the 
white solid was collected by filtration and dried by suction for 1.5 h. Further 
drying at 55 "C imder hi^ vacuum overnight yielded 73.7 g (54.0%) of 3- 
chloromethylbenzoic acid; mp 134-136 'C. 

30 b. Preparation of 3-(chloromethyl)-N-methylb«izamide. 

A 250 mL, round bottom flask equipped with a magnetic stirrer, reflux 
condenser and calcium chloride drying tube was charged with 34.1 g (200 
mmol) of 3-chloromethylben2oic acid and 125 mL of toluene (dried over 
molecular sieves 4A). To this suspension was added 21.9 mL (300 mmol) of 
35 thoinyl chloride and the mixture was heated to 85-90 °C for 15 h. While 
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heating, evolution of gas, presumably hydrogen chloride and sulfur dioxide, 
was observed. The reaction mixture was cooled to room temperature and 
excess thionyl chloride and toluene were removed under vacuum. The 

resulting oily residue was azeotroped with 100 mL of toluene, then dned 
mider high vacuum for 1 h to give the crude acid chloride. 

AIL three necked, round bottom flask equipped with a magnetic stirrer, 
addition funnel, thermometer and argon bubbler was charged with the crude 
add chloride obtained above, and 400 mL of dichloromethane (dned over 

molecular sieves 4A). After the solution was cooled to -5 to 0 "C (using an ice- 
) sodium chloride bath). 14.9 g (220 mmol) of methylamine hydrochloride was 
added in one portion. To this mixture was added 69.6 mL (400 mmol) of 
diisopropylethylamine (DIPEA) dropwise over 15-20 min. while mamtammg 
the temperature of the reaction mixture below 2 "C. After completion of tixe 
addition, the mixtiire was stirred for 45 min at 0 to 5 "C. tiien allowed to warm 
5 to room temperatiire. After stirring for 15 min at room temperatiire, TLC 
analysis indicated complete reaction. The reaction mixture was diluted mth 
250 mL of water, and stirred for 5 minutes. The two layers were separated 
and the aqueous phase was extracted with 2 x 100 mL of dichloromethane 
The combined organic layers were washed successively with 300 mLof water, 
.0 and 300 mL of saturated sodium chloride solution. After drying over 
anhydrous magnesium sulfate, the solution was concentarated by rotary 

evaporation under house vacuum. The residue was further dried in vacuo to 
give a Ught yellow solid. This soUd was dissolved in 110 mL of toluene at -60- 
70 'C The resulting solution was allowed to cool to room temperatiire and 
25 seeded with crystals of product, tiien stored in a refrigerator overmght The 
resulting precipitate was collected by fflta-ation and washed witii 30 mL ot 
hexane. After drying under Hgh vacuum, 29.4 g (80.0% yield) of 3- 
(chlorometiiyl)-N-methylbenzamide was obtained as a light yellow sohd; mp 
59-61 'C. 



30 



35 



c. Preparation of 3-(l-methyltetrazol-5-yl)benzyl chloride. 

A 250 mL round botix)m flask equipped with a magnetic stirrer, reflux 
condenser and calcium chloride drying tiibe was charged with 27.2 g (148 
nmiol) of 3-(chloromethyl)-N-methylbenzamide, 100 mL of toluene (dried over 
molecular sieves 4A). To this solution was added 16.2 mL (222 mmol) of 
thionyl chloride and tiie mixtiire was heated to 85-90 for 15 h (Note 6). 
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While heating, evolution of gas, presumably hydrogen chloride and sulfor 
dioxide, was observed. After cooling to room temperature, excess thionyl 
chloride and toluene were removed under vacuum. The resulting residue was 
azeotroped with 100 mL of toluene, then dried under high vacuum for 1 h to 
5 give the crude imidoyl chloride. A 500 mL, three necked, round bottom flask 

equipped with a magnetic stirrer, thermometer and argon bubbler was 
charged with 11.6 g (178 mmol) of sodium azide and 140 mL of acetomtnle 
(freshly opened bottle). To this suspension was added 23.7 mL (187 mmol) of 
chlorotrimethylsilane and the mixture was stirred for 1.5 h at room 
10 temperature. After cooling to 0 »C, a solution of the crude imidoyl chloride, 
prepared above, in 40 mL of acetonitrile was added. This heterogeneous 
xnixture was stirred for 1-2 h at 0 'C, then allowed to warm to room 
temperature and stirred for 15 h. TLC analysis indicated complete reaction. 
The reaction mixture was quenched by the addition of 150 mL of water, then 
15 diluted with 150 mL of ethyl acetate. The two layers were separated and the 
aqueous phase was extracted with 2 x 100 mL of ethyl acetate. The combined 
organic layers were washed successively with 200 mL of water, and 200 mL of 
saturated sodium chloride solution. After drying over anhydrous magnesium 
sulfete. the solution was concentrated. The residue was further dned m vacuo 
20 to give a light yellow soUd (29.7 g). This solid was dissolved in 220 mL of 

5 5.4 5hexane:ethylacetete at -60-70 'C. The resultant solution was allowed 
to cool to room temperature and was seeded with crystals of produrt, ^ 
stored in a refrigerator overnight. The resulting precipitate was colle^ by 
filtration and washed with 50 mL of hexane. After drying by suction, 24.5 g 
25 (79.5% yield) of 3-(l-methyltetrazol-5-yl)ben?yl chloride was obtamed as a 
white amorphous solid; mp 63-65 'C. 

F,r«^n1p400 . i.ll3-(l-Methyltetrazol-5-yl)phenyllmBthyllcyclobutane 
carboxyUc add methyl ester was prepared from 3-(l-methyltetrazol.5. 
yDbenzyl chloride using the general method described in example 7 to give a 
30 77 % yield of a viscous oiL HR MS: obs. mass, 287.1514. Calcd. masss, 
287.1508 (M+H). 

F.v«TnT.le4Ql . l.[l3.(l-Methyltetrazol-5-yl)phfinyllmethyllcyclobutane 
carboxyUc add was prepared from l-n3-(l-methyltetrazol-5- 
yl)phenyllmethyllcydobutane carboxylic add methyl ester using the ge^ 
35 procedure described in example 15 to give an 83% yield of a viscous oil. HR 
MS: obs. mass, 273.1226. Calcd. mass, 273.1238 (M+H). 
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Ex^aEle4Q2- '^Aimno.N-lll-[4-(metiiyl5ulfonyW^^ 
phenylalanine methyl ester was prepared from 4-nitro-L-phenylalamne 
methyl ester and 4^methylsulfonyl)butyllcyclopentane carboxylic acid using 
the general procedure described in example 26. HR MS (C21H32N205S): Obs 
5 mass, 425.2121. Calcd mass, 425.2110 (M+H). 

TCv«mT,1«>4Q3 . l.(4-Bromobutyl)cyclobutane carboxylic acid methyl ester was 
prepared from l,4Miibromobutane and cyclobutane carboxyUc acid methyl 
ester using the general procedure described in example 168. 

T;'.^»mnle404 . l.I4.(Methylthio)butyllcyclobutane carboxyUc acid methyl ester 
10 was prepared from l-(4-bromobutyl)cyclobutane carboxyUc acid methyl ester 
and sodium methyhnercaptan using the procedure described in example 172. 

Tr.vHmt>le405 . l.[4.(methylsulfonyl)butyllcyclobutane carboxyUc acid was 
prepared from l.l4.(methylthio)butyllcyclobutane carboxylic acid methyl ester 
using the general procedures described in examples 174 and 175. 
15 ExamEle4Q6.4-l[(2,6-dichlorophenyl)carbonyl]amino]-N-[Il-[4- 

(methylsulfonyDbutyll cyclobutane]carbonyll-L-phenylalanine was prepared 
from. 4-[[(2,6-dichlorophenyl)carbonyl] amino] -L-phenylalanine methyl ester 
and l.[4-(methylsulfonyl) butyl]cyclobutane carboxylic acid usmg the 
procedure described in examples 46 and 47. 

20 TC^»mnle407 . 4-K4R)-3-Acetyl-4^phenyhnethyl)-5-oxo-2-phenyl-l- 

imidazoUdinyll-N-[(l-phenylcyclopentyl)carbonyll-L-phenylalamnewas 

prepared from Fmoc-D-phenylalanine, benzaldehyde and 4-ammo-N-[(l,l- 
dimethylethoxy)carbonyl]-L-phenylalanine methyl ester using the general 
procedure described in example 365 

25 TCv«mr>1e408 . 4-[3-Acetyl-5-oxo-2-l(3-pyridinyl)methyl]-4.phenylmethyl-l- 
iinidazoUdinyl]-N-l[l-l4-(methylsulfonyl)butyl]cyclopentyllcarbonyll-L- 

phenylalanine methyl ester was prepared from 4-amino-N-[(l,l- 
dimethylethoxy)carbonyl]-L-phenylalanine methyl ester and Fmoc-D- 
pyridinylalanine using the general method described in example 365. 

30 Ti lT r pTTiplfl 409 . VlA-4 / VCAM-1 Screening Assay 

VLA-4 antagonist activity, defined as abiUty to compete for binding to 
immobUized VCAM-1, was quantitated using a soUd-phase, dual antibody 
ELISA. VLA-4 (a4pi integrin) bound to VCAM-1 was detected by a complex of 
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anti-integrin pi antibody. HRP-coAJugated anti-mouse IgG: chromogenic 
substrate (K-Blue). ImtiaUy, tMs entailed coating 96 weU plates (Nunc 
Ma^rp) witix recombinant human VCAM-1 (0 .4 ,ag in 100 ^ f^X se^g 

and then allowing the plates to stand at 4^0 for ^- ^he VCAM- 
5 coated plates were subsequently blocked with 250 pi of 1% BSA/0.02% NaNs 

to reduce non-specific binding. On the day of assay, all V^^^J'^^^'^^ ^. 
twice with VCAM Assay Buffer (200 pyweU of 50 mMT«s.HCl 100 .^ 
1 mM MnCl2. 0.05% Tween 20; pH 7.4). Test compounds were dissolved on 
100% DMSO and then dUuted 1:20 in VCAM Assay Buffer supplemented witii 
10 1 mg/mL BSA (i.e., final DMSO = 5%). A series of 1:4 dilutions were 

pe^rmed to achieve a concentration range of 0.005 nM - l-563jiM for each 
test compound. 100 pi per well of each dilution was added to Ae VCAM- 
coated plates, foUowed by 10 pi of Ramos cell-derived VLA-4. ^^^^ff ' 
were sequentially mixed on a platform shaker for 1 min, incubated for 2 hr at 
15 37-C. and then washed four times with 200 pl/well VCAM Assay Buffer. 100 
ul of mouse anti-human integrin pi antibody was added to each weU (0.6 
ug/mL in VCAM Assay Buffer + 1 mg/mL BSA) and allowed to incubate for i 
to at 37-C. At the conclusion of tins incubation period, all plates were w^ed 
four times witii VCAM Assay Buffer (200 pl/weU). A correspondiag second 
20 antibody, HRP-cox^ugated goat anti-mouse IgG (100 pi per weU @ 1:800 

dilution in VCAM Assay Buffer + 1 mg/mL BSA). was then added to each well, 
followed by a 1 hr incubation at room temperature and concluded by tiiree 
washes (200pl/well) with VCAM Assay Buffer. Color development was 
initiated by addition of 100 pi K-Blue per well (15 min incubation, room te^) 
25 andterminatedbyadditionoflOOplRedStopBufferperwell. Allplateswere 
thenreadinaUV/VisspectrophotometerateSOnM. Results were caKadated 
as % inhibition of total binding (i.e.. VLA-4 + VCAM-1 in the absence of test 
compound). The results are provided in the following table: 
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3.6 


270 






1.1 


271 






0.55 


272 






1.0 


273 






1.5 
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0.64 


371 






1.65 
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*4-((RS)-2,3.5,6JJa-hexahydro-l,3-dioxo-lH-pyrrolo[3,4-clpyridin-2-yl]-N-lIl- 
[(4-methoxyphenyl)methyllcyclopentyllcarbonyll-L-phenylalaiune 

T'.v«mnTe410 . Ramos (VLA-4) / VCAM-1 CeU-Based Screening Assay Protocol 

Materials: 

5 Soluble recombinant human VCAM-1 (mixture of 5- and 7-Ig domain) was 
purified fi-om CHO cell culture media by immunoaffinity chromatography and 
maintained in a solution containing 0.1 M Tris-glycine (pH 7.5), 0.1 M NaCl, 5 
mM EDTA, 1 mM PMSF, 0.02% 0.02% NaNa and 10 jig/mL leupeptin. 
Calcein-AM was purchased from Molecular Probes Inc. 

10 Methods: 

VLA-4 (a4pl integrin) antagonist activity, defined as abiUty to compete with 
cell-surfece VLA-4 for binding to immobilized VCAM-1, was quantitated using 
a Ramos-VCAM-1 cell adhesion assay. Ramos cells bearing cell-surface VLA- 
4. were labeled with a fluorescent dye (Calcein-AM) and allowed to bind 
15 VCAM-1 in the presence or absence of test compounds. A reduction in 

fluorescence intensity associated with adherent cells (% inhibition) reflected 
competitive inhibition of VLA-4 mediated cell adhesion by the test compound. 

Initially, this entailed coating 96 weU plates (Nunc Maxisorp) with 
recombinant human VCAM-1 (100 ng in 100 pi PBS), seaUng each plate and 
20 allowing the plates to stand at 4°C for "18 hr. The VCAM-coated plates were 
subsequently washed twice with 0.05% Tween-20 in PBS. and then blocked for 
Ihr (room temperature) with 200 pi of Bloddng Buffer (1% BSA/0.02% 
thimerosal) to reduce non-specific binding. Following the incubation with 
Blocking Buffer, plates were inverted, blotted and the remaining buffer 
aspu-ated. Each plate was then washed with 300 pi PBS, inverted and the 
remaining PBS aspirated. 

Test compounds were dissolved in 100% DMSO and then diluted 1:25 in 
VCAM Cell Adhesion Assay Buffer (4 mM CaCk. 4 mM MgCl2 in 50 mM 
TRIS-HCl, pH 7.5) (final DMSO = 4%). A series of eight 1.4 dilutions were 
performed for each compound (general concentration range of 1 nM - 12,500 
nM). 100 Powell of each dilution was added to the VCAM-coated plates, 
followed by 100 pi of Ramos cells (200,000 cellsAvell in 1% BSA/PBS). Plates 
containing test compounds and Ramos cells were allowed to incubate for 45 
min at room temperataire, after which 165 pl^<^ell PBS was added. Plates 
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were inverted to remove non-adherent cells, blotted and 300 iJ/well PBS 
added. Plates were again inverted, blotted and the remainmg buffer gently 
aspirated. 100 iil Lysis Buffer (0.1% SDS in 50 mM TRIS-HCl. pH 8.5) was 
added to each well and agitated for 2 min on a rotary shaking platform. The 
5 plates were then read for fluorescence intensity on a Cytofluor 2300 (Millipore) 
fluorecence measurement system (excitation = 485 nm, emission = 530 nm). 
The results are shown in the following table: 



Table 3 
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Example 


Cone. 
(nM) 


% Inh 
@Ck>nc. 


ICsoin 
■^.aiTios Cell 
Based 
Assay 

(nM) 




43 








53 






37.5 


55 






18.5 


95 






34.5 


100 






54.5 


56 






31.5 


57 






27 


58 






47 




59 






13.5 




156 






28 




158 






124 
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r 9**^ 






89 








360 


1 ^oo 






27 


\ 9^A 






151 


1 o*;7 
1 / 






635 








1,034 


1 Ot\Q 






129 


1 oci.f\ 
1 zou 






130 


1 Olfi 

1 Zf o 






22 


1 OAH 






94 


1 MX 






184 


1 o^?o 
1 zoz 






39 


1 

1 ZOO 






5 








150 


1 071 
1 Zi X 






67 


1 979 






96 


1 97<l 






104 


97ft 






2 


280 






4.2 


282 






1.8 


283 


10 


32 




284 






2.9 
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286 






24 


288 


10 


92 




291 


10 


48 




293 






40 


299 






1.7 


300 


10 


32 




303 


10 


70 




304 


10 


35 




305 


10 


37 




311 






3 


313 


10 


68 




315 


10 


71 




316 


10 


22 




317 


10 


17 




319 


10 


68 




321 


10 


59 




323 


10 


76 




324 


10 


20 




322 






5 


342 


10 


24 




344 






19 


346 


10 


23 
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349 


10 


58 




350 






13 


351 






13 


357 






25 


358 






75 


363 
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TCvflTnple 411 , Oral Dosage Form 



Item 


Ingredients 


mg/ta 


blet 




1 


Compound of invention 


25 


100 


250 


500 


2 


Anhydrous lactoSB 


83 


35 


19 


38 


3 


Croscannellose sodium 


6 


8 


16 


32 


4 


Povidone K30 


5 


6 . 


12 


24 


5 


Iklagnesium stearate 


1 


1 


3 


6 
















Total wei^t (mg) 


120 


150 


300 


600 



Manufacturing procedure: 

5 1. Mix items 1,2 ,3 in a suitable mixer for 15 minutes. 

2. Granulate the powder mix from step 1 with 20% PVP K30 solution. 

3. Dry the granulation in step 2 at 50° C. 
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4 Pass the granulation from Step 3 through a suitable nulling equ^^^^^ 

5. Add the item 5 to the milled granulation from Step 4 and mix for 3 

minutes. 

6. Compress the granulation from Step 5 on a suitable press. 



5 F^«mT>le 412 . Aerosol Administration Formulation 



Ingredients 


Qty/mL 


Compound of invention 


3-150 mg* 


Sodium chloride 


8.0 mg 


Phophate buffer (20 mM)pH 7.0* q.s. 


1.0 mL 



* Depending upon activity of the compoimd 



10 



pH can be adjusted with Sodium hydro^de solution (1 N) or HCl solution 
(10%w/v) 



Procedure: 

1. Dissolve the drug substance in the buffer. 

2. Filter the solution through a 0.22 micron filter. 



15 The particle size distribution after nebulizing the above solution (as measured 
using Malvern Mastersizer X) is in the range of 1-6 microns. 
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1. A compound of the formula: 



Z-N'^COaH 



wherein: 

5 one of X and X* is H, halogen, or lower alkyl, and the other is a group of the 
formula: 




wherein: 
Ri is hydrogen or lower alkyl, 

10 Ri5 is hydrogen, halogen, nitro, lower alkyl sulfonyl, cyano, lower alkyl, lower 
alkoxy, lower alkoxycarbonyl, carboy, lower alkyl aminosulfonyl, 
perfluorolower alkyl, lower alkylthio, hydroxy lower alkyl, alkoxy lower 
alkyl, alkylthio lower alkyl, alkylsulfinyl lower alkyl, alkylsulfonyl lower 
alkyl, lower alkylsulfinyl, lower alkanoyl, aryloxy, aroyl, aryl or a group 

15 of the formula Ri7-CsC-, 

Ri6 is H, halogen, nitro, cyano, lower alkyl, OH, perfluorolower alkyl, or lower 
alkylthio, and 

Rl7 is H, aryl, heteroaryl, or lower alkyl which is unsubstituted or substituted 
by OH, aryl, or heteroaryl, and 
20 a is 0 or 1; 

or one of X and 3C is a group of the formvila: 

Ri6 Rao X-7 
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Wherein is a 5- or 6-membered heteroaromatic ring contaming 

1, 2 or 3 heteroatoms selected from N.O, and S; 

or 

( ) 

V / is a 9- or 10-membered bicydic heteroaromatic ring containing 1, 2. 3 

or 4 heteroatoms selected from O, S, and N, 

a, Ri, Ri5 and Rie are as defined in X-6, and 
Rao is hydrogen or lower alkyl, or is absent; 



or 



one of X and is a group of the formula: 



Ri8 X-10 

10 wherein: 

Ri8 is hydrogen, substituted or unsubstituted lower alkyl. aiyl, heteroaryl, 

arylalkyl or heteroaryl aUgrl, 
Ri9 is unsubstituted or substituted lower alkyl, aryl, heteroaryl, arylalkyl or 
heteroarylalkyl, and 
15 R20 is unsubstituted or substituted lower alkyl, lower alkanoyl optionally 
substituted by carbo^l, aroyl or aryloxy; 



Y is a group of the formula: 

^^24 Y-1 

20 wherein: 

R22 and R23 are independently aryl, heteroaryl or lower alkyl which is 
unsubstituted or substituted by one or more chloro, bromo, nitro, 
hydroxy, lower alkoxy, aryl, lower alkanoyl, aroyl or cyano, 
R24 is aryl. cyano, alkylsulfonyl or lower alkyl or alkenyl unsubstituted or 
25 substituted by an aryl or heteroaryl ring, and when R22 is aryl and R23 is 
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aryl or lower alkyl, R24 is H, and the total number of carbon atoms in 
R22. R23 and R24 is from 6 to 14; or 



Y is a 3-7 membered ring of the formula: 

Ras 




Y-2 

a 

wherein: 

R25 is lower alkyl, unsubstituted or fluorine substituted lower alkenyl, or a 

group of formula R26-(CJH2)e-> 
R26 is aryl, heteroaryl, azido, cyano, hydroxy, lower alkoxy, lower 
10 alkoxycarbonyl, lower alkanoyl, lower alkylthio. lower alkyl sulfonyl, 

lower alkyl sulfinyl, perfluoro lower alkanoyl, nitro, or R26 is a group of 

formula -NR28R29> wherein: 
R28 is H or lower all^l, 

R29 is hydrogen, lower alkyl, lower alkoxycarbonyl, optionally substituted 
15 aminocarbonyl, optionally substituted lower alkanoyl, aroyl, heteroaroyl, 

heterocycloalkylcarbonyl, lower alkyl sulfonyl, lower 
alkylaminothiocarbonyl, or 
R28 and R29 taken together with the nitrogen atom to which they are attached 
form a 4, 5 or 6-membered saturated heterocychc ring containing one or 
20 two heteroatoms with the second heteroatom being O, S, or N-R27; 

Q is -(CH2)f 0-, -(CH2)f S-, -(CHzk-, or when f=0, a bond, 

R27 is H, lower alkyl, aryl, lower alkanoyl, aroyl or lower alkoxycarbonyl, the 
carbon atoms in said ring are unsubstituted or substituted by lower alkyl 
or halogen, 
25 e is an integer from 0 to 4, 
f is an integer from 0 to 3, 

and the dotted line means a bond which may be absent or present; and 
Z is hydrogen or lower aUgrl; 

and the pharmaceuticaUy acceptable salts and esters thereof. 
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2. A compound according to claim 1, wherein 2C is hydrogen. 

3. A compound according to claim 1 or 2, wherein Z is hydrogen. 

4. A compound according to anyone of claims 1-3, wherein in Y-1, R22 and 
R23 are lower alkyl or phenyl, and R24 is lower alkyl except when R22 is aryl 

> and R23 is aryl or lower alkyl, tlien R24 is hydrogen. 

5. A compound according to anyone of daims 1-4, wherein Y-1 is selected 
from the group consisting of: 




CH3 ^ CH3 , CH3 and 

6. A compound according to any one of claims 1-3, wherein in Y-2 Q is- 
10 (CH2)f- or , when f=0, a bond. 

7. A compound according to claim 6, wherein f is 1, 2 or 3. 

8. A compoimd according to any one of claims 1-3, wherein in Y-2 R26 is 
aryl, heteroaryl, azido, cyano, hydroxy, lower alkoxy, lower alkoxycarbonyl, 
lower alkanoyl, lower alkylthio, lower alkyl sulfonyl, lower alkyl sulfinyl, 

15 nitro, or R26 is a group of formula -NR28R29 wherein R28 is H or lower alkyl, 
R29 is hydrogen, lower alkyl, lower alkoxycarbonyl, optionally substituted 
aminocarbonyl, optionally substituted lower alkanoyl, aroyl, lower alkyl 
sulfonyl or R28 and R29 taken together with the nitrogen to which they are 
attached form a 4, 5 or 6-membered saturated heterocycUc ring which can 

20 contain one o^gen atom. 

9. A compound according to any one of claims 1-3, wherein R28 is H. 

10. A compound according to claim 8 or daim 9, wherein R26 is aryl 
unsubstituted or mono-substituted by halogen, lower alkoxy, lower alkyl, 
cyano, or tetrazolyl whidi is unsubstituted or substituted by methyl or Rae is 

25 phenyl disubstituted by lower alkoxy. 

11. A compound accordii^ to daim 10, wherein R26 is phenyl 
unsubstituted or mono-substituted by diloro, methoxy or methyL 

12. A compound according to claim 8, wherein R26 is CH3S(0)2-, CH3S-, 
CH3SO-, CH3O-, CH3CO-, NC-, N3-, or HO-. 

30 13. A compound accordii^ to claim 8, wherein the alkyl group in the 

lower alkanoyl group of Rasis unsubstituted or substituted by lower alkoxy. 
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flouro, phenyl, cydoalkyl. lower alkoxy carbonyl, amino or lower 
alkosgrcarbonyl amino. 

14. A compound according to claim 13, wherein the unsubstituted or 
substituted lower alkanoyl group is CH3CO-. (CH3)3CCO-, 
5 CH3(CH2)3CHCH3CO-, CH3OCH2CO-, CF3CO-, CeHsCHaCO-, 
CH30CO(CH2)2CO-, cyclopentylCH2CO-, H2NCH2CO or 
(CH3)3COCONH(CH2)2CO-. 

15 A compound according to claim 8, wherein in R29 the aminocarbonyl 
group is unsubstituted or substituted by lower alkyl, lower alkoxy carbonyl, 
10 monocyclic aryl or benzyl. 

16 A compound according to claim 15, wher«m the unsubstituted or 
substituted aminocarbonyl group is H2NCO-. CH3NHCO-, CH3OCONHCO-. 
C6H4NO2NHCO- or C6H6CH2NHCO-. 

17. A compound according to claim 1, wherein R29 is (CH3)3COCO-, 
15 methylaminothiocarbonyl, 4-methoxyphenylcarbonyl, 

3-triflo\irmethylphenylcarbonyl, ^ 

_a „^ >^ 

-NR28R29 is -NH2 or -N(CH3)2 and R28 and R29 taken together is 4- 
morpholinyl. 

20 18 A compound according to any one of dauns 1-3, wherem Y-2 is 

selected from a group represented by one of the foUowing formulas: 
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O^H3 


0 


\_/ 


CM 








pi 




CHaCf \_J 


CH30— ^ >— 






o 










o 








w 






>^ 
















O 
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of claims 1-3, wherein in X-S Ris 



19. A compound accordii^ to any one i 
^ K.. are independently H. aroyl, halogen, nitro. perflouro loweralkyl, lower 
alkyl, cyano or Ris is phenojqr and Rie is H. 

20 A compound according to claim 19, wherein in X-6 the groups R15 and 
5 R16 are independently hydrogen, methyl, nitro, chloro. trifluoromethyl or 
cyano. 

21. A compound according to any one 
hydrogen. 

22. A compound according to any one 
10 23. A compound according to any one of claims 1-3. wherein X-S is 

selected from the group consisting of: 



of claims 1-3, wherein in X-6 Ri is 
of claims 1-3, wherein a in X-6 is 0- 




NO2 






NO2 







24 A compound according to any one of claims 1-3, wherein X-7 Het is a 
15 5- or 6-membered monocyclic heteroaromatic ring contammg 1. 2 or d 
nitrogens, or a nitrogen and a sulfur, or a nitrogen and an o^tygen. 
25 A compound according to claim 24. wherein the heteroaromatic ring alone 



is 



20 

26 A compound according to any one of claims 1-3. wherein in X-7 Het is 
a bicycUc heteroaromatic ring containing from 1 to 3 nitrogens as the 
heteroatoms. 
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27. A compound according to claim 26, wherein the bicyclic 
heteroaromatic ring is 

4-quinolinyl, 1-isoquinolinyl or 

28. A compovmd according to any one of claims 1-3, wherein in X-7 Ris is 
5 hydrogen, nitro, lower al^l sulfonyl, cyano, lower alkyl, lower alkoxy, 

perfluorolower alkyl, lower alkylthio, lower alkanoyl, or aryl. 

29. A compoimd according to claim 28, wherein Ris is isopropyl, methyl or 
phenyl. 

30. A compound according to any one of claims 1-3, wherein Rie in X-7 is 
10 hydrogen, halogen, nitro, cyano, lower alkyl or perfluoro lower aUyl. 

31. A compound according to claim 30, wherein Rie is methyl or 
triflouromethyl. 

32. A compound according to any one of claims 1-3, wherein R30 in X-7 is 
hydrogen or lower ali^l. 

15 33. A compound according to any one of claims 1-3, wherein X-7 is 

selected from the group consisting of 




and ^3 



20 34- A compound according to any one of claims 1-3, wherein in X-10 Ris 

is phenyl wherein the phenyl ring is imsubstituted or monosubstituted by 
halogen, or is phenyl lower alkyl. 
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35. A compound according to daim 34, wherein Ris is phenyl, 
chlorophenyl or phenylethyl. 

36. A compound according to any one of claims 1-3, wherein in X-10 R19 
is lower alkyl which is unsubstituted or substituted by pyridyl or phenyl 

5 wherein the phenyl ring is unsubstituted or monosubstituted by lower alkoxy 
or halogen. 

37. A compound according to claim 36, wherein R19 is methyl, isobutyl, 
benzyl, 4-chlorobenzyl, 4-methoxybenzyl or 2-pyridylmethyL 



38. A compound according to any one 



of claims 1-3, wherein in X-10 R20 



10 is optionally substituted lower alkanoyl. 

39. A compound according to claim 38, wherein R20 is acetyl, butyryl, 
phenoxyacetyl, succinyl or glutaryl. 

40. A compound according to any one of claims 1-3, wherein X-10 is 
selected from the group consisting of: 









0^ 




° 0 


9? 


0, 


° 0 


Kv 

° Q 

OCH: 


° Q 





wo 99/10313 




194- 


PCT/EP98/05144 


OCH3 


OCH3 






Vi 






= 5 


0CH3 


OCH3 


0CH3 




° Q 

CI 


H 


0 ^ 


° Q 

a 


0CH3 






0CH3 


b 


" b 




° b 


• b 


D 




• b 
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O 1 




93 1 




° o 








o 




CH3>^N^ 


" b 


O 










o ^ 
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H 



CH; 




'V 





41. A compound selected from the group consistu^ of: 



4-I[(2,6-dichlorophenyl)carbonyllamino]-N-[[l-[(4-methoxyphenyl) 
methyl]cyclopentyllcarbonyl]-L-phenylalaiiine, 
5 N-[[l- [(4-methoxyphenyl)methyl]cyclopeiityllcarbonyl]-4-[I(2-nitrophenyl) 
carbonyllamino]-L-phenylalanine, 

N-[[l-[(4-methoxyphenyl)methyl]cyclopentyl]carbonyll-4-[I(2-methyl-5- 
nitrophenyl)carbonyllaminol-L-phenylalaiune, 

N-l[l-[(4-metho^henyl)methyl]cyclopentyllcarbonyll-4-I(4- 
10 quinolinylcarbonyDaminol-L-phenylalaiiiiie, 

N-[[l-(phenylmethyl)cyclopentyl]carbonyl]-4-K4-quinolmylcarbonyl)amin( 

L-phenylalanine, 

4-[I(2,6-dichlorophenyl)carbonyllaminoi-N-[Il-(phenylmethyl) 
cyclopentyl]carbonyll-L-phenylalanine, 
15 4-l[(2-nitrophenyl)carbonyl3ainino]-N-[ll-(pheiiylmethyl)cyclopentyl] 
carbonyl]-Li-phenylalanine, 

4-[l(2-methyl-5-nitrophenyl)carbonyllammol-N-[[l-(phen^methyl) 
(grclopentyUcarbonyll-Lr-phenylalanine, 

4-[l(2,6-dichlorophenyl)carbonyllamiiio]-N-[[l-[2-tIN-(l,l-dimethylethyl) 
20 carbonyllaminolethyllcyclopentyllcarbonyll-L-iAenylalamiie, 
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4.[[(2,6-dichlorophenyl)carbonyl]amino]-N-[ll-[24(tr^ 
ainino]ethyl]cyclopentyl]carbonyl]-L-phenylalaniiie, 

4.[[(2,6-dichlorophenyl)carbonyl]ainino]-N4[l-[2-[(2-ainino^ 
oxoethyDamino] ethyl]yclopentyl]carbonyl]-Lrphenylalanine, 
5 4-[I(2,6-dicmorophenyl)carbonyl]amino]-N-[[l-[24[24[(l,l-dimetiiyle^^ 
carbonyllainino]-lK)xoethyl]amino]ethyl](grclopentyl]carbonyll-I^ 
phenylalanine, 

44I(2,6-dicMorophenyl)carbonyl]amino]-N-[[2-[[(methoxy)carbonyl] 
amino] ethyl] cyclopentyl] carbonyl] -L-phenylalanine, 
10 4-[[(2,6-dichlorophenyl)carbonyl]amino]-N-[[l-[2-[(methylsulfonyl) 
amino] ethyl] cyclopentyl] carbonyl] -L-phenylalanine , 

4-[[(2,6-dichlorophenyl)carbonyl]aininol-N-[[l-[2-[(acetyl)(methyl) 
amino] ethyl] cyclopentyl] carbonyl] -L-phenylalanine, 

4-I[(2,6-dichlorophenyl)carbonyl]annno]-N-[[l-[2-[[ (methylannno)carbonyl] 
15 (methyl)aminolethyl]cyclopentyl]carbonyl]-L-phenylalanine, 

4-[[(2,6Kiichlorophenyl)carbonyl]amino]-N-[[l-[2-[(methoxycarbonyl)- 
(methyl)amino] ethyl] cyclopentyl] carbonyl] -L-phenylalanine, 

4-[[(2,6-dicUorophenyl)carbonyl]amino]-N-[[l-(2-methoxyethyl)cyclopentyl] 
carbonyl] -L-phenylalanine, 
20 4-[[(2,6-dichlorophenyl)carbonyl]amino]-N-[[l-I(2-[(methylsulfonyl)ethyl] 
cyclopentyl] carbonyl] -L-phenylalanine, 

4-[[(2,6-dicUorophenyl)carbonyl]amino]-N-[[l-[(2-(methylsulfinyl)ethyl] 
cyclopentyl] carbonyl] -L-phenylalanine, 

4-[(2,6-Dimethyl-4-trifluoromethyl-3-pyridinyl)carbonyllamino]-N-[[l-[4- 
25 (methylsulfonyl)butyl]cyclopentyl]carbonyl]-L-phenylalanine, 

4-[[(2,4-dimethylpyridin-3-yl)carbonyl]amino]-N-[Il-[4-(methylsxilfonyl) 
butyl]cyclopentyl]carbonyll-L-phenylalanine, or 

4-[l(2,6-dichlorophenyl)carbonyl]amino]-N-[ll-(4.methoxyphenylmethyl) 
cyclohexyl] carbonyl] -L-phenylalanine . 
30 42. A compound having the formula selected from the group consisting of 
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or 



43. A process for the preparation of a compound of formula 1 
X' 




*0 1 

5 wherein X, X', Z and Y are as defined in claim 1, 
characterized in that in a compoimd of formula lb 




wherein X, X', Z and Y are as defined and R is a protecting group or a solid 
support, 

10 the protecting group or the solid support is cleaved of and, if desired, 

converting a compound of formula 1 into a pharmaceutically acceptable salt. 

44. Compounds according to any one of the claims 1-42 for use as a 
medicament. 
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45. Compounds according to any one of the claims 1-42 for use as a 
medicament in the treatment of rhemnatoid arthritis, multiple sclerosis, 
inflammatory bowel disease or asthma. 

46. A medicament containing a compound according to any one of claims 
5 1-42 and a therapeutically inert carrier material. 

47. A medicament for the treatment of rheumatoid arthritis, multiple 
sclerosis, inflammatory bowel disease or asthma, containing a compoimd 
according to any one of claims 1-42 and a therapeutically inert carrier 
material. 

10 48. A process for the production of a medicament, especially for the 

treatment of rheumatoid arthritis, multiple sclerosis, inflammatory bowel 
disease or asthma, whidi process comprises brix^ing a compound according to 
any one of claims 1-42 into a galenical administration form together with a 
therapeutically inert carrier material and, if desired, one or more additional 

15 therai>eutically active substances. 

49. The use of a compound according to any one of claims 1-42 in the 
treatment of illnesses, especially in the treatment of rheumatoid arthritis, 
multiple sclerosis, inflammatory bowel disease or asthma. 

50. Use of a compound according to any one of claims 1-42 in the 
20 preparation of a medicament for the treatment of rheumatoid arthritis, 

multiple sclerosis, inflammatory bowel disease or asthma. 

51. The novel compounds, intermediates, processes, medicaments and 
methods as hereinbefore described. 
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